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INTRODUCTION AND SUMMARY

NAS8-36298

I. INTRODUCTION AND BACKGROUND

In January 1985, a Request for Proposal was issued from NASA, George C.

Marshall Space Flight Center, entitled "Statistical Characterization of

Carbon Phenolic Prepreg Materials". The objective of this work was to

...characterize several lots of materials used for carbon/carbon and

carbon/phenolic product manufacture. The justification for this study was

...lack of material and process control and/or properly controlled processes

that are not optimized has resulted in excessive rejection rates, variation

in material properties, and unpredictable performance.

The approach was to select two carbon/phenolic systems to fabricate carbon/

phenolic throat and exit cone materials, one of which would be U.S.

Polymeric's prepreg, FM 5055B. The alternate material was finally selected

to be FM 5834 which contains a spun PAN fabric, STACKPOLE FIBERS SWB-8,

as a replacement for HITCO's CCA-3 rayon based fabric. The other raw

materials were identical to FM 5055B.

For the carbon/carbon prepregs to fabricate 2-D exit cones, one was to be

U.S. Polymeric's prepreg, FM 5064J, which contain AMOCO (formerly Union

Carbide) WCA graphite cloth. The alternative material was finally selected

to be FM 5839 which contains STACKPOLE FIBERS PWB-6, with other raw materials

being identical. A raw material tree showing the commonality of raw materials

is shown on table 1, page #5.

Initially, the concept was to produce 1,100 Ibs. of each prepreg type with

800 Ibs. of each prepreg being delivered to fabricators (total = 3200 Ibs.).

As the fabrication and component evaluation evolved, the requirements for
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varying amounts of prepreg for each type and each lot were promulgated

totaling 3,_38 pounds for delivery to the fabricators. To maintain the
concept of a specified minimum of five lots, 20-pound prepreg test lots
were utilized using different raw material vendor lots. These test lots

were halved and subjected to evaluations identical to the delivered prepregs.

A breakout of the lot size required for each prepreg is also included on

table 1, page #5.

Production occurred randomly over the period from April 30, 1986 to July

25, 1986, generally controlled by the availability of raw material lots.
Production was not conducted in lot number sequence but where prepregs

required only fabric changes, the production was scheduled to efficiently
utilize the commonfiller and resin mix.

The final report for this contract is organized in several volumes. Volume
I is broken down into testing categories based on raw material or product

form. Each category contains a discussion of the sampling plan, comments
and observations on each test method utilized and a summaryof the results

obtained for each category. The numerical data is initially presented in

a comparative data format, where results from the same test are tabulated
for each raw material or prepreg type. The comparative data includes

averages, sample standard deviations, and a maximumand minimum value for
each category. Next, the individual sample data is presented for each lot,
with raw materials being designated with a lot number and sample number

(i.e., 4-2E) which would indicate Lot #4, sample #2 from the end of a fabric

roll. Prepreg test results are designated by NASAlot number, by treater
lot number, and roll number (i.e., Lot #2 D09280-$1). Finally, the data

is summarizedby NASAlot number, and the grand average and standard deviation

determined for each category. A calculation of the "A Basis" minimumand
"A Basis" maximumis included and determined using factors from Table 9.6.4.1
in MIL-HDBK-5Dfor one sided tolerance limits, normal distribution, 0.95

confidence level, sample standard deviations (n-l), and P=.99 for "A
allowables"
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Volume II contains proposed specifications and copies of all U.S. Polymeric
test methods utilized under this contract. ASTMand MIL-STD test methods

have not been included.

The eleven fingerprint test data report books include individual test

determinations and have been organized by prepreg type and NASAlot number
and include all the raw material test data for the filler, resin and fabric

included in that lot of prepreg. Also included are the graphical results

obtained for each samplewhere applicable.

II. SUMMARY AND CONCLUSIONS

a. Specifications have been proposed for prepregs and raw materials and

are included in Volume II along with the USP test methods.

b. The variation of spun PAN fabrics compared to continuous rayon fabrics

leads to wider raw material and prepreg specifications for the spun

PAN fabrics.

c. Filler lot-to-lot variations in USP 28 high purity carbon black are

minor, and it does not appear significant enough to affect final

performance of the prepregs.

d. Some of the tests conducted such as pH, Chang's Index, and GPC are limited

in their ability to distinguish the subtle differences in the two phenolic

resins utilized in the study.

e. Some tests, such as the profile of the NMR and TGA curves, are able

to distinguish the differences between 91LD and USP 39A resin.

f. Traceability of resin variations has been demonstrated by the high sodium

levels in Lot #4 of USP 39A resin which showed up in both the FM 5064J

and FM 5839 prepregs in Lot #4.
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g. High variability of spun PAN fabrics include areal weight, intra-roll

variations, thread counts, breaking strengths, and TGA. Variations

of spun PAN physical data are generally 3-4 times that shown by continuous

rayon fabrics.

h. The cured panel strength of spun PAN fabrics show higher standard

deviations than continuous rayon but only by a factor of 2.

i. The most significant ultimate strength value observed in the study is

the 56,000 psi compressive strength of CCA-3 prepreg, FM 5055B.

j. The flexural strength of spun PAN prepregs shows improvement over their

continuous rayon counterparts.

k. Residual volatiles are primarily influenced by resin content and resin

selection rather than by volatile levels in the prepreg.
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USP-28 FILLER TESTING

COMMENTS AND OBSERVATIONS

NAS8-36298

I. SAMPLING PLAN

USP-28 Filler is a designation for a proprietary, high purity, dry

powdered carbon black used with phenolic resin systems. It is packaged

in 50-pound paper bags, 1,500 pounds per pallet. For this project,

five lots were selected; each manufacturer's lot is identified with

a date code so that the manufacturing date can be determined.

For Lot #1 on this NASA contract, 4,500 pounds or 3 pallets of USP-28

were isolated. For Lots #2 through #5, 500 pounds each were isolated.

Sampling was done from three separate 50-pound bags of each lot and

the average values were used to represent that lot for comparative

purposes in this report. The initial samples for Lot #2, 3 and 5 did

not meet the criteria for sodium levels for FM5055B, therefore different

lots were sampled from available in-house material and designated as

Lots #2A, 3A, and 5A.

USP-28 Filler samples were maintained in closed plastic containers

until the time of testing. Tabulated data is given on pages #5 and

#6.

II. TEST METHODS AND OBSERVATIONS

A. Carbon Assay

A LECO model CHN-600 analyzer was used to determine the carbon

assay at the Gardena facility. With the exception of Lot #4 which

varied from 99.17% to 99.75%, all samples exceeded 99.0% in carbon

content and were relatively consistent within each lot. (See data

on page #5)
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B. Ash Content

To determine ash content, a 2-gram sample was pyrolyzed at 950°C

(1,750°F) for a minimum of four hours. The values reported are

the average of two determinations of ash content.

C. pH

ASTMD-1512 method A, the boiling water slurry method, was used

to determine pH. Again, the values reported are an average of
2 determinations. It is estimated that a less pure carbon black

filler would have a pH in the range of 8 to 9, but removal of trace

oil and contamination puts the USP-28 high purity filler in the

4 to 6 pH level.

D. Particle Size

Particle size was determined by two methods: in the first, a scanning

electron microscope (SEM) was used for a visual sampling and
measurement at 20,O00X magnification. The minimum and maximum

particle size observed was recorded and a representative sample
(10-20) individual particles spanning the size range were measured.
The average particle size by SEM was the arithmetic average of

that small sample.

The second method for determining particle size was a HORIBA

analyzer. The HORIBAlight scattering centrifugal particle analyzer

operates on the principle of light absorbance of a liquid dispersion
of carbon black in an ethelene glycol slurry. A 2-mg sampleof

carbon black was initially used, and the print-out includes a

particle size distribution graph. A typical print-out for duplicate
runs of the samesample is attached as page #7. Individual sample
results are included in each of the appropriate prepreg lot
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fingerprints. It should be noted that the HORIBAanalyzer gives
an _verage particle size from 150%to 250%of the value observed

in the small visual sample under the scanning electron microscope.

E. Thermogravimetric Analysis (TGA)

Two different equipment set-ups were used to determine the weight
loss on heating. Lots #1 and #4 were run by BeckmanIndustrial

Labs using an OMNITHERMdata system. The temperature at which
50% weight loss occurred averaged about 723°C (1333°F) using this

equipment set-up. Lots #2A, 3A, and 5A were run at U.S. Polymeric

using a Perkin-Elmer model TGS-2 thermal analyzer, controlled by
Perkin-Elmer System IV controller. The temperature at 50%weight

loss using USPequipment averaged 858°C (1576°F). This emphasizes
the need to use identically calibrated equipment on any comparative

thermal test. Typical examples of both TGA curves are included

on pages #8 and #9. Individual sample TGA curves are included
in each of the appropriate prepreg lot fingerprints.

As a sidelight, a correlation of the slope of the TGA curve in

the steep section, measured in percent weight loss per °C, was
madeto the sample size in milligrams. For both equipment set-ups,
a relatively high value for the correlation coefficient (r 2) was

obtained. A (r 2) value of I indicates a perfect linear relationship
while a (r 2) of 0 indicates that no relationship exists. For U.S.

Polymeric equipment, the correlation of the slope of the TGAcurve
and the sample size in mghad a (r 2) value of 0.89 while for Beckman,
the value of (r 2) was 0.81. The chart showing these relationships

is included on page #10. This indicates that the steepness of

the TGAcurve is dependenton the sample size used.
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F. Atomic Absorption of Alkaline Metals

The ash from a 600°C (1112°F) pyrolysis for 16 to 20 hours was

digested with hydrochloric acid and compared for light absorption

with accurately prepared alkaline metal standards at 0.5 ppm.
The atomic absorption data show someminor lot variations but good

reproducibility between samples in a lot. It was noted that Lot

#5, Samples 5A-1 through 5A-3 had the highest sodium levels (18-19

ppm) and was also highest in pH (5.5), but this correlation of
sodium content and pHdid not hold for the other lots.

Additional data was also generated from the test method for atomic

absorption (page #6). Moisture content of the carbon black was

determined by heating 2 grams at 125°C (257°F) for two hours and
an ash content was determined by heating at 600°C (1,112°F) for

16-20 hours. The data shows good agreement of the overall averages
for ash content between the two test methods but does not hold

consistent on a lot-to-lot basis.

III. SUM_RY

The data is typical for USP-28 high purity carbon black and exhibits

only minor lot-to-lot variations. It does not appear that the lot-to-lot

variation is significant enough to affect the final performance of

the prepregs.
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AVERAGE TEST RESULTS

SAMPLE CARBON

NUMBER ASSAY

%

METHOD QAI-5560

#I -I 99.17

#I -2 99.10

#I -3 99.12

#2A-I 99.31

#2A-2 99.18

#2A-3 99.40

#3A-1 99.40

#3A-2 99.32

#3A-3 99.44

#4 -1 99.75

#4 -2 99.57

#4 -3 99.17

#5A-I 99.27

#5A-2 99.36

#5A-3 99.28

NAS8-36298

T.G.A.

ASH pH MAXIMUM MINIMUM AVERAGE HORIBA TEMP. @

CONTENT PART. SIZE PART. SIZE PART. SIZE PART. SIZE 50% LOSS

% units microns microns microns microns °C

PTM-71B ASTM D1512 S.E. M S.E. M S.E. M CTM-72 CTM-51

O. 007 4.88 O. 65 O. 22 O. 45 O. 86 750

O. 007 4.88 O. 62 O. 17 O. 36 O. 92 751

O. 003 5. O0 O. 85 O. 22 O. 38 O. 94 749

O. 000 4.60 O. 90 O. 23 O. 56 O. 86 842

O. 000 4.50 1.25 O. 20 O. 57 I. 02 850

O. 000 4.60 1.17 O. 25 O. 52 O. 94 857

O. 000 4.88 O. 99 O. 20 O. 51 O. 92 864

O. 000 4.78 O. 88 O. 18 O. 51 O. 88 860

O. 002 4.82 O. 85 O. 15 O. 42 O. 88 850

O. 013 4.75 O. 56 O. 20 O. 42 O. 94 701

O. 008 4.82 O. 73 O. 20 O. 38 O. 80 688

O. 008 4.72 O. 70 O. 23 O. 43 O. 94 697

O. 000 5.32 O. 99 O. 16 O. 50 O. 95 837

'0. 008 5.52 O. 79 O. 20 O. 45 O. 89 870

O. 012 5.58 O. 88 O. 20 O. 50 1.03 880

USP-28

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

T. G. A.

CARBON ASH pH MAXIMUM MINIMUM AVERAGE HORIBA TEMP. @

ASSAY CONTENT PART. SIZE PART. SIZE PART. SIZE PART. SIZE 50% LOSS

X % units microns microns microns microns °C

99.32 O. 005 4.91 O. 85 O. 20 O. 46 O. 92 803

O. 18 O. 005 O. 32 O. 19 O. 03 O. 07 O. 06 71

99. I0 0. 000 4.50 O. 56 O. 15 O. 36 O. 80 688

99.75 O. 013 5.58 1.25 O. 25 O. 57 1.03 880

LOT

AVERAGES

LOT #1

LOT #2

LOT #3

LOT #4

LOT #5

USP-28 FILLER

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

T.G, A.

CARBON ASH pH MAXIMUM MINIMUM AVERAGE HORIBA TEMP. @

ASSAY CONTENT PART. SIZE PART. SIZE PART. SIZE PART. SIZE 50% LOSS

% X units microns microns microns microns o C

99.13 O. 006 4.92 O. 71 O. 20 O. 40 O. 91 750

99.30 O. 000 4.57 1.11 O. 23 O. 55 O. 94 850

99.39 O. 001 4.83 O. 91 O. 18 O. 48 O. 89 858

99.50 O. 010 4.76 O. 66 O. 21 O. 41 O. 89 695

99.30 O. 007 5.47 O. 89 O. 19 O. 48 O. 96 862

GRAND AVG. 99.32 0.005 4.91 0.85

STD DEY 0.18 0.005 0.32 0.19

COUNT 15 15 15 15

A BASIS

FACTOR 3.520 3.520 3.520 3.520

MINIMUM 98.70 -0.012 3.78 0.17

MAXIMUM 99.94 0.021 6.04 1.53

0.20 0.46 0.92 803

O. 03 O. 07 O. 06 71

15 15 15 15

3.520 3.520 3.520 3.520

0. I0 0.23 0.71 553

0.30 0.70 1.13 1053
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AVERAGE TEST RESULTS

NAS8-36298

SAMPLE ATOMIC ABSORPTION OF ALKALINE METALS MOISTURE ASH

NUMBER Na K Ca Mg Li TOTAL CONTENT CONTENT

ppm ppm ppm ppm ppm ppm X X
METHOD ............. CTM 53B .......................... CTM 53B ..............

#I -1 3.0 1.5 O. 0 O. 5 O. O 5.0 O. 010 O. OO0

#I -2 2.0 O.0 O. 0 O.0 O. 0 2.0 O. 008 O. OO0

#1 -3 I. 5 O.0 O. 0 O.0 O. 0 1.5 O. 005 O. 003

#2A-1 7.0 1.5 2.5 O. 0 O. 0 11.0 0.036 O. 003

#2A-2 7.5 I. 0 I.5 O. 0 O. 0 10.0 O. 027 O. 013

#2A-3 9.0 2.5 2.0 O. 0 O. 0 13.5 O. 042 O. 008

#3A-1 6.0 2.5 2.5 O. 0 O. 0 11.0 O. 008 O. 025

#3A-2 6.0 I.0 2.5 O. 0 O. 0 9.5 O. 018 O. 005

#3A-3 6.0 2.0 2.O O. 0 O. 0 10.0 O. O00 O. 000

#4 -1 2.0 I.5 1.5 1.0 O. 0 6.0 O. 024 O. 003

#4 -2 2.0 2.0 O. 5 I.0 O. 0 5.5 O.OIO O. 005

#4 -3 1.0 I.0 1.5 O. 0 O. 0 3.5 O. 013 O. 000

#5A-1 18.5 2.0 2.0 O. 0 O.0 22.5 O. 016 O. 008

#5A-2 18. (_ 2.0 2.0 O. 0 O.0 22.0 O. 000 O. 013

#5A-3 19.0 2.5 2.0 O. 0 O.0 23.5 O. 000 O. 018

USP-28

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

ATOMIC ABSORPTION OF ALKALINE METALS MOISTURE

Na K Ca Mg Li TOTAL CONTENT

ppm ppm ppm ppm ppm ppm X
7.2 1.5 1.5 0.2 O.O 10.4 0.014

6.3 0.8 0.9 0.4 0.0 7.2 0.013

1.0 0.0 0.0 0.0 0.0 1.5 0.000

19.0 2.5 2.5 I.0 O. 0 23.5 O. 042

ASH

CONTENT

X

0.007
0.007

0.000
0.025

USP-28 FILLER

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

LOT

AVERAGES

LOT #1

LOT #2

LOT #3
LOT #4

LOT #5

ATOMIC ABSORPTION OF ALKALINE METALS MOISTURE

Na K Ca Mg Li TOTAL CONTENT

ppl pps pps ppl pps ppl X
2.2 0.5 0.0 0.2 0.0 2.8 0.008

7.8 1.7 2.0 0.0 0.0 11.5 0.035

6.0 1.8 2.3 0.0 0.0 10.2 0.008

1.7 1.5 1.2 0.7 0.0 5.0 0.016

18.5 2.2 2.0 O. 0 O. 0 22.7 O. 005

ASH

CONTENT
X

0.001

0.008

0.010
0.003

0.013

GRAND AVG. 7.2 1.5

STD DEV 6.3 0.8
COUNT 15 15

A BASIS
FACTOR 3.520 3.520

MINIMUM -15.0 -1.3

MAXIMUM 29.5 4.4

1.5 O. 2 O. 0 10.4 O. 014 O. 007

O. 9 O. 4 O. O 7.2 O. 013 O. 007
15 15 15 15 15 15

3. 520 3. 520 3. 520 3. 520 3. 520 3. 520

-1.8 -1.1 O. 0 -15.1 -0. 031 -0. 019

4.8 1.4 O. 0 35.9 O. 060 O. 033



,.J

Z

° . ° . °

., =

t.L

,:0

• . . . . .

..... _. _. , _ _ _ , _ , _ .....
•: - o . . . • o o

i (,

I

Page #7

,z: " _-_" ! i _

° . ° • o . ° ° o °

B

_, ":::' _: _.. _,_, _ _,_'-'

. " . ,.-
,fro ._;

,_..,

,_J ,.Tw.,_

-.,

._i _

ORIG/NAL P.._C_ r$
OF POOR QUALiTy

,--__,

I,--

r.-

.... _: _ _' _; ' N ....
2_ _-; _-; .,_ _, ,..-_ ,.-_ ,:._ ,:..; .-2 .2 =

-&.

,._ r

D I

,.L

,2.J

F

• . . =,.,, _._ _ _-- =,'_:

._ _ _

31

r.,,

L

! +Li
::i m

I

• = • . . . . . . °

_'-' i

ii



]_..=.,--

J
w

J.

, I

•-,, ck.I
co
o3_

W _ u3
Z _ _- cl3

(_9D D _
w . O

:Z O D _-

C
o_6_

0 _ ,-, 0
°e-_ .e-q e--q

0 0 I.LO_

0

o3 _

vdd

0
m u3

o3(:ooo
E _d _

% £q

•--__ _ Z

_ 6

(/) (/) rY n
N_d

I I t t I I I J I I I I t

ORIGINAL PAGE IS
OF POOR QUALI'rY

O

,..,, to
•_ o

0:;_5
O3

v

0
0
"I-
l--
Ill
:E

O3 r_

(.3 ._:

LIJ
:E
m,,.,l

I---
o3

II LLI 0
LU F- OJ

< nr"

-J 0
LU (: 0
_J Z 0
rl =..-_ .-_
_" LL

LO _-- Lr_
r,- _j
(:
F-
EO

% ,--

[
,-, t0 I
0 0

CO
v

] (6w)

,_, I0 I ,,-, I0
(.0 o ('_ o

M_ _N

I _ to t ,-, to
(3oo _ o

Page #8
o

I o

0

o3

m
O3 m_,

o "S

O3
0

o
.o

ocy

o fi

o

, 0
'0

o o

dd



OF..POOR QUAL!7_'/

' t ] *

÷

Page #9

all:

Z

.(

.,r

J

_- _1_

1"

-_-......._-_.
.. ..



Page #10

or]
Z
0

E-.

0
F-T-1_

&Q

.,¢

oo

o
II

p

!

/
/

!
!

/
/

I
/

/

Dt
/

Jo

/

/

/

?
5,-

/

I I I I I I 1 I I i

ID
B

m

m

O

m

O

10
E
8
13

£

ILl
N

.-I

0 oo._5op ._od _ Ul 3d07S



lJ

II.

Ill.

TABLE OF CONTENTS

RESIN TESTING

NAS8-36298

U.S. Polymeric O.E. 71108

SAMPLING PLAN.......................................

TEST

A.

B.

C.

D.

E.

F.

G.

H.

I.

J.

K.

L.

M.

N,

O.

METHODS AND OBSERVATIONS.......................

Resin Solids ....................................

Specific Gravity ................................

Brookfield Viscosity ............................

Gel Time ........................................

Atomic Absorption ...............................

Differential Scanning Calorimetry (DSC) .........

Phenol Content ..................................

Rheometric Dynamic Spectrometry (RDS) ...........

Heloe.tjmleojelotle*mlooaloooeoooIIeleleltl°eJl

Chang's Index ...................................

Thermogravimetric Analysis (TGA) ................

Gel Permeation Chromatography (GPC) .............

High Performance Liquid Chromatography (HPLC)...

Gas Chromatography (GC) .........................

Nuclear Magnetic Resonance (NMR) ................

SUMMARY.............................................

PAGE

i

2

2

2

2

2

3

3

4

4

4

5

5

6

6

6

7

8



TABLES AND CHARTS

PAGE

Comparative Resin Data .............................. 9

91LD Test Results and Statistical Summary .......... 10

USP 39A Test Results and Statistical Summary ........ 12

Typical DSC Curve ................................... 14

Typical RDS Curve and Data .......................... 16

Typical TGA Curve ................................... 23

GPC Calibration Plot ................................ 27

Typical GPC Curves .................................. 28

Typical HPLC Curves ................................. 30

Typical Gas Chromatograph Set-Up .................... 34

Typical Gas Chromatograph Curves .................... 35

Typical NMR Curves .................................. 37



Page #i

RESIN TESTING

COMMENTS AND OBSERVATIONS

NAS8-36298

I. SAMPLING PLAN

The resins utilized for this contract include both 91LD - a proprietary

phenol-formaldehyde resin for carbon/phenolic applications, and USP 39A

- a proprietary phenylaldehyde resin for carbon/carbon applications.

Both resins are received in 50-gallon drums and a sample was taken from

each drum utilized on this contract. Since specification development

was part of the contract, data on solids content, specific gravity,

viscosity, gel time, pH and Chang's index were obtained at the time of

receipt of the resin, while all other testing was performed on samples

taken just prior to use. For 91LD, Lot #5, sample #1 was initially taken

and tested, but it was used inadvertently for other production. Another

manufacturer's lot designated #5-A was sampled and subsequently used

on this contract for all Lot #5 carbon/phenolic prepregs. The resin

test data for both Lot #5-I and #5-A have been included in all resin

averages and statistical summaries. Resin samples were maintained in

sealed plastic containers at 4°C (40°F) until the testing was completed.

Each raw phenolic resin was mixed with USP 28 filler for each NASA

production lot, so that the resin mix used in production was a blend

of all drums of resin and bags of carbon black required for that particular

lot, numbered 1 through 5. No special testing was conducted on the filled

resin mix. Comparative resin data is given on page #9 and specific data

by sample and lot on pages #10 through #13.
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II. TEST METHODS AND OBSERVATIONS

A. Resin Solids

Resin solids content was determined on the resin as received, in

triplicate tests, by solvent evaporation from about 1½ gms. of liquid

resin in a 135°C (275°F) oven for a duration of 60 minutes. Nominally,

91LD is considered a 70% solids resin while USP 39A is a nominal

80% solids resin, and these solids levels were valid for the resin

used on this contract.

B. Specific Gravity

A Hubbard pycnometer was used to determine the specific gravity at

25°C (77°F). The volume of the pycnometer was calibrated by using

the weight of distilled water required to fill the pycnometer. The

specific gravities of all resins used for this project are typical

and in line with their respective solids contents.

C. Brookfield Viscosity

The viscosity of the resins was determined using a rotating spindle

viscometer at 25°C (77°F). Results are the average of two readings

and were usually determined using the #6 spindle and always utilizing

20 rpm rotational speed. Note that the USP 39A Brookfield viscosity

at 15,000 centipoise (page #12) is a magnitude of ten-fold over the

91LD Brookfield viscosity at 1,200 centipoise (page #10).

D. Gel Time

Gel time was determined in a sand-filled fluidized bed equivalent

to an oil bath at 170°C (338°F), recording the elapsed time from
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the start of the sample heating until approximately 2 gms. of resin

in a test tube gelled sufficiently to move the test tube with the

wire stirrer. Note that the USP 39A has a slightly longer gel time

than 91LD (page #9).

E. Atomic Absorption

The ash from a 600°C (1,112°F) pyrolysis for 16-20 hours was digested

with hydrochloric acid and compared for light absorption with

accurately prepared alkaline metal standards at a concentration of

0.5 ppm. It should be noted that the usual USP 39A shows a sodium

level higher than that of 91LD (pages #10 and #12). This is normal

and is characteristic of the starting materials for USP 39A which

result in an outstanding carbon/carbon resin. The significantly

higher sodium levels in USP 39A for Lot #4 (page #12) can be traced

through to the prepreg and are exhibited as higher levels of sodium

in both of the carbon/carbon prepregs, FM 5064 (D-09315 and D-09316)

and FM 5839 (D-09317) which utilized the Lot #4 resin (see uncured

prepreg testing section).

F. Differential Scanning Calorimetry (DSC)

The sampled resin was tested over the range from ambient to 350°C

(662°F), plotting the temperature versus heat flow (enthalphy).

This technique detects the exothermic reaction which occurs when

the resin gels and indicates that the peak exotherms for USP 39A

resin are at a slightly higher temperature with a narrower range,

than for 91LD. This relationship is also carried through to the

prepreg. Typical examples of DSC charts for both resins are included

on pages #14 and #15. Individual sample DSC curves are included

in each of the appropriate prepreg lot fingerprints.
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G. Phenol Content

Gas chromatographywas the technique used to determine the free phenol
content by comparison with standard solutions of phenol in isopropyl

alcohol, the most prevalent volatile component of the raw resin.
The data show that USP39A contains almost 15%more free phenol that

91LDresin, which maycontribute to the longer gel time for USP39A.

H. Rheometric DynamicSpectrometry (RDS)

The minimumresin viscosity and the temperature at which the minimum
viscosity occurred was obtained by spreading liquid resin samples

between parallel plates and monitoring the torsional strain between
the plates as a function of temperature, giving an indication of

the dynamic resin viscosity. It should be noted that the minimum
viscosity of both resins occurred at 75-80°C (167-176°F) lower than

their respective DSC peak exotherm temperatures. No particular
significance can be placed on the lot to lot variations of the minimum

viscosity of either resin sytem, but the viscosity of 91LD resin

Lot #5-I and #5-A are significantly lower at 60 and 40 centipoise
than previous material. Typical examples of RDS plots and the

corresponding data printouts for each resin system are given on pages
#16 through #22 (Note: plotted in poise, not centipoise). The graphs

and data for each sample are included in each of the appropriate

prepreg lot fingerprints.

I. pH

The pH of the raw resin was measured, as received, using a commercial

pH meter. No significant differences could be observed between the
two resins utilizing this test method.
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J. Chang's Index

An arbitrary measure of the relative degree of advancement or cure

was made by titrating a 4% solids resin solution in acetone with
distilled water. This measurement is called Chang's Index and the

values reported are in milliliters of distilled water required to
reach a cloudy end-point. Both resin systems showed the expected
values while a more advanced resin system, or one which is more

completely cured, would exhibit a Chang's index number as low as
12-15 ml. of water to reach the sameend-point.

K. Thermogravimetric Analysis (TGA)

The graphical representation of weight loss in air versus temperature

up to 1,000°C (1,832°F) was done on two different equipment set-ups.
Lots #1, #2 and #3 of both resin systems and Lot #4 of USP39A were

determined using a BeckmanOMNITHERMsystem. These TGA curves for

USP39Aproduced a "three-step" profile, while those for 91LDproduced
a "two-step" profile. The inflection point ranges are given below:

TGA Inflection Parts, °C

First Second Third

91LD 110-130 615-640

USP 39A 110-130 325-340 600-630

To quantify the lot and sample variations, an arbitrary point at

500°C on each curve was selected for comparisons. The value for

the percentage of weight loss at 500°C (932°F) has been included

in the data tables and shows relatively constant values between the

two resin systems. Lots #4 and #5 of 91LD and Lot #5 of USP 39A
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were run at U.S. Polymeric using a Perkin-Elmer TGS-2 thermo-analyser

and a system IV controller with a feedback loop and have been omitted

from the statistical averages due to the non-uniformity of the test

equipment and the resulting lower percentage of weight loss at 500°C
(932°F). A typical example for both resins showing the differences

between the test equipment and the differences between the profiles

are presented on pages #23 through #26. The TGAcurves for individual

samples are included in each of the appropriate prepreg lot

fingerprints.

L. Gel Permeation Chromatography(GPC)

For separation of the resins into moleweight (size components), GPC
was utilized. This technique primarily separates the larger molecules

utilizing tetrahydrofuran (THF) as a solvent and estimates of the
molecular weight (Mw) are based on standardized curves under identical
test conditions. Typical printouts for both resin types are shown

on pages #28 and #29. Individual sample GPCprintouts as well as

a GPCcalibration plot are included in each of the appropriate prepreg

lot fingerprints.

M. High Performance Liquid Chromatography(HPLC)

As a companion determination to GPC, HPLC separates chemically

different components rather than molecular weight groups. Typical
curves for both resin systems are included on pages #30 through #33.
Individual HPLCresults are included in each of the appropriate prepreg

lot fingerprints.

N. Gas Chromatography(GC)

The resin samples were solvated in THFand injected into a Perkin-Elmer

chromatograph to determine the volatile solvents in the resin. An
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interpretation sheet for known standard solvents is included on

page #34, and typical printouts for 91LD and USP39Aare included

on pages #35 and #36. Typical GC results indicate the following
retention times and percentage areas:

91LD

Retention Time (Min) Area Percent

Isopropyl Alcohol 1.65 - 1.85 7.0 - 8.5

THF (Added) 3.0 - 3.3 83 - 89

Phenol (Free) 21.9 - 22.5 4 - 7

USP 39A

Retention Time IMinl Area Percentage

Isopropyl Alcohol

THF (Added)

Phenol (Free)

1.65- 1.80

2.9 - 3.3

21.8 - 22.1

6.0 - 7.5

71 - 85

7.8- 18.0

The variations in the amount of free phenol in USP 39A were more

evident in this set of GC data run in December 1986 than in the phenol

content test run in April 1987 by a calibrated GC procedure. Any

free formaldehyde present would react with phenol due to the high

temperatures involved and be reduced below the levels of detectability

by this method. Individual GC printouts are included in each of

the appropriate prepreg lot fingerprints.

O. Nuclear Magnetic Resonance (NMR)

Resin samples were submitted for NMR, a technique used to indicate

complexity of molecular structures and special functions of protons

(hydrogen atoms). All samples of 91LD resin showed a characteristic
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peak at about 340 Hz (page #37), while USP 39A samples for Lots #I

through #3 are characteristically flat at that frequency (page #38).

Sample #4-1 of USP 39A show a slight peak developing at 360 Hz (page

#39), while Sample #5-1 (page #40) looks more like 91LD than USP

39A with the appearance of the peak at 350 Hz. It is possible that

cross-contamination between resin types may have occurred either

in sampling or while testing. The NMR graphs for each sample are

included in the appropriate prepreg lot fingerprint.

III. SUMt_RY

Since both resins are basically phenolic resins, some of the test such

as pH, Chang's Index and GPC are limited in their ability to distingish

between the subtle differences which make either resin suitable for its

intended application. The most notable difference is in the profile

of the NMR curve in the 340 Hz area and the two or three-step profile

of the TGA curve. The test which best demonstrates the traceability

of a particular lot of resin is the high sodium level of Lot #4 of USP

39A which shows up in both FM 5064J and FM 5839 prepregs.

Since the drums of resin which were sampled were combined to make one

uniform mix for each lot, only the average lot value is useful for

traceability. Generally, all other lot to lot variations are

indistinguishable in the final prepreg or cannot be directly tested in

the prepreg form. The resin solids level is adjusted after mixing with

carbon black filler to control the specified resin pick-up; but the gel

times of both resins maintain the same relationship, even though the

amount of staging accomplished during processing is different (see uncured

prepreg testing section, item IIF).
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NAS8-36298

91 LD RESIN FOR CARBON/PHENOLIC PREPREGS

======================================

GRAND RESIN SPECIFIC BROOKFIELD GEL

TOTAL SOLIDS GRAVITY VISCOSITY TIME

%

AVERAGE 71.1

STD DEV 0.4

MINIMUM 70.7

MAXIMUM 71.7

.......... ATOMIC ABSORPTION .......

Na K Co Mg Li TOTAL

units cps. secs. ppm ppm ppm ppm ppm ppm

1.136 1,231 209 8 0 4 2 0 16

0.004 216 13 4 0 3 3 0 6

1.128 895 186 3.5 0 0 0 0 6.5

1.141 1,500 230 14 1 10 10 I 24

USP 39A RESIN FOR CARBON/CARBON PREPREGS

GRAND RESIN SPECIFIC BROOKFIELD GEL .......... ATOMIC ABSORPTION

FOTAL SOLIDS GRAVITY VISCOSITY TIME No _ X Ca Mg Li TOTAL

% units cps. secs. ppm ppm ppm ppm ppm ppm

AVERAGE 80.2 1.185 15,244 242 40.1 1.4 7.5 2.5 0.1 51.6

STD DEV 2.0 O. 012 2,789 18 34.7 1.1 4.1 O. 9 O. 4 40.2

MINIMUM 78.2 1.167 10,000 210 12.0 0.3 2.0 1.3 0.0 19.0

MAXIMUM 83.2 1. 203 18,750 262 100.0 3.0 14.5 4.0 1.0 121.0

91 LD RESIN FOR CARBON/PHENOLIC PREPREGS
......................... ========== TGA GPC

GRAND DSC PHENOL R.D.S. DATA CHANG'S WT LOSS MOLECULAR

TOTAL EXOTHERM CONTENT MIN. VISCOSITY pN INDEX at 500 _ WEIGHT

aC % cps. temp "C units mls. % units

AVERAGE 1B3 11.59 207 107 8.4 24.5 39.7 1,771

STD DEV 5 0.65 93 4 0. I 0.5 1.1 109

MINIMUM 171.5 9.94 43 99 8.2 23.6 38.2 1,598

MAXIMUM 191 12.39 356 115 8.55 25.2 41.4 1,964
(LOTS 1-3 ONLY)

USP 39A RESIN FOR CARBON/CARBON PREPREGS
=================== ...... -============ TGA GPC

GRAND DSC PHENOL R.D.S. DATA CHANG'S WT LOSS MOLECULAR

TOTAL EXOTHERM CONTENT MIN. VISCOSITY pH INDEX ot 500 _ WEIGHT

°C X cps. temp *C units mis. X units

AVERAGE 188 13.25 189 111 8.3 23.8 40.0 1,579

STD DEV 2 0.79 57 5 0.1 0.8 2.0 239

MINIMUM 185 11.83 124 105 8.18 22.2 37.9 1,231

MAXIMUM 190 14.20 290 119 8.5 24.9 42.8 1,932
(LOTS 1-4 ONLY)



91LD RESIN TEST DATA Fage #10
AVERAGE TEST RESULTS

NAS8-36298

91LD

GRAND

TOTAL

SAMPLE

NUMBER

METHOD

1-1

1-2

1-3

2-1

2-2

2-3

3-1

3-2

3-3

4-1

5-1

5-A

RESIN SPECIFIC BROOKFIELD GEL

SOLIDS GRAVITY VISCOSITY TIME

X units cps. secs.

PTM-7C PTM-29C PTM-14C PTM-47B

70.8 1.137 1,000 204

70.8 1.136 1,000 200

70.9 1.137 1,000 202

71.2 1. 141 1,250 210

70.9 1. 140 I, 250 218

71.1 I. 139 1,500 214

71.7 1. 129 1,250 220

71.3 1.131 1,375 218

71.6 1.128 1,250 213

70.9 1.140 895 190

71.7 1.139 1,500 230

70.7 1.138 1,500 186

AVERAGE

STD DEV

MINIMUM

MAXIMUM

(NOTE:

RESIN SPECIFIC BROOKFIELD GEL

SOLIDS GRAVITY VISCOSITY TIME

X units cps. Becs.

71.1 1.136 1,231 209

0.4 0.004 216 13

70.7 1.128 895 186

71.7 1.141 1,500 230

LOT #5-1 WAS TESTED, BUT NOT USED

ATOMIC ABSORPTION

Na K Ca Mg LI TOTAL

ppm ppm ppm ppm ppm ppm

.............. CTM 53B ..............

8 1 10 1 0 20

9 1 9 1 0 20

10 1 8 1 0 20

4 0 3 1 0 8

4 0 2 1 1 8

8 0 2 1 0 11

8 0 5 1 1 15

14 0 5 1 1 21

14 0 5 1 1 21

13 1 2 8 0 24

4 0 0 I0 0 14

3.5 0.5 2.5 0.0 0.0 6.5

IN

ATOMIC ABSORPTION

Na K Ca Mg LI TOTAL

ppm ppm ppm ppm ppm ppm

8 0 4 2 0 16

4 0 3 3 0 6

3.5 0 0 0 0 6.5

14 1 10 10 I 24

PRODUCTION. )

91LD RESIN

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

LOT

AVERAGES

LOT #1

LOT #2

LOT #3

LOT #4

LOT #5A

RESIN SPECIFIC BROOKFIELD GEL

SOLIDS GRAVITY VISCOSITY TIME

units cps. 8ecs.

70.8 1.137 1,000 202

71.1 1.140 1,333 214

71.5 1.129 1,292 217

70.9 1.140 895 190

70.7 1.138 1,500 186

===================== ......... =========

GRAND AVG.

STD DEV

COUNT

A BASIS

FACTOR

MINIMUM

MAXIMUM

71.1 1.136 1,231 209

0.4 0.004 216 13

12 12 12 12

3.747 3.747 3.747 3.747

69.8 1.120 422 161

72.5 1.153 2,039 257

Na K

ppm pps
9 1

5 0

12 0

13 1

4 1

8 0

4 0

12 12

3.747 3.747

-6 -1

23 2

ATOMIC ABSORPTION

Ca Mg Lt TOTAL

ppm ppm ppm ppm
9 1 0 20

2 1 0 9

5 1 1 19

2 8 0 24

3 0 0 7

.... ¢======¢========_=

4 2 0 16

3 3 0 6

12 12 12 12

3.747 3.747 3.747 3.747

-7 -10 -2 -7

16 14 2 39



SAMPLE DSC PHENOL

NUMBER EXOTHERM CONTENT

"C X

METHOD CTM-50A CTM-55

1-1 187 11.05

1-2 182 11.96

1-3 183 11.93

2-1 183 9.94

2-2 191 10.94

2-3 183 11.81

3-1 178 12.39

3-2 183 12.01

3-3 185 11.72

4-1 186 11.63

5-1 188 11.84

5-A 171.5 11.84

91 LD RESIN TEST DATA

AVERAGE TEST RESULTS

NAS8-36298

R.D.S. DATA

MIN. VISCOSITY pN

cps. temp °C units

---CTM-57A-- CTM-IB

356 99 8.4

194 104 8.3

153 108 8.3

278 107 8.5

249 111 8.3

239 113 8.4

179 107 8.5

212 115 8.5

201 107 8.55

323 105 8.2

60 109 8.3

43 102 8.3

Page #II

TGA GPC

CHANG'S WT LOSS MOLECULA|

INDEX at 500°C WEIGHT

mls. % units

CTM-SB CTM-51 CTM-49

23.6 41.4 1,770

23.8 40.5 1,816

23.8 40.8 1,658

24.2 39.5 1,718

24.8 40.1 1,801

25.2 39.4 1,598

24.8 38.7 1,666

24.6 38.5 1,751

25.2 38.2 1,838

24.5 8.1? 1,964

24.8 8.4? 1,902

24.8 -- 235

91LD

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

(NOTE:

DSC PHENOL

EXOTHERM CONTENT

oC %

183 11.59

5 0.65

171.5 9.94

191 12.39

LOT #5-1 WAS TESTED,

R.D.S. DATA

MIN. VISCOSITY

cps. temp °C

207 107

93 4

43 99

356 115

BUT NOT USED IN

TGA GPC

CHANG°S WT LOSS MOLECULA

pN INDEX at 500°C WEIGHT

units mls. % units

8.4 24.5 39.7 1,771

0. I 0.5 1.1 109

8.2 23.6 38.2 1,598

8.55 25.2 41.4 1,964

PRODUCTION.) (LOTS 1-3 ONLY)

91LD RESIN

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

TGA GPC

LOT DSC PHENOL R.D.S. DATA CHANG'S WT LOSS MOLECULA

AVERAGES EXOTHERM CONTENT MIN, VISCOSITY pN INDEX st 500°C WEIGH7

°C % cps. temp °C units mls. % units

q_ #1 184 II. 65 234 104 8.3 23.7 40.9 1,748

LOT #2 186 10.90 255 110 8.4 24.7 39.7 1,706

LOT #3 182 12.04 197 110 8.5 24.9 38.5 1,752

LOT #4 186 11.63 323 105 8.2 24.5 8.17 1,964

LOT #SA 171.5 11.84 43 102 8.3 24.8 -- 235

GRAND AVG. 183 11.59 207 107 8.4 24.5 39.7 1,771

STD DEV 5 0.65 93 4 0.1 0.5 1.1 10_

COUNT 12 12 12 12 12 12 9 11

A BASIS

FACTOR 3.747 3.747 3.747 3.747 3.747 3.747 4.143 3.852

MINIMUM 165 9.14 -143 90 8.0 22.5 35.1 1,351

MAXIMUM 202 14.04 557 124 8.8 26.5 44.2 2,191

(LOTS 1-3 ONLY)



USP 39A RESIN TEST DATA Page #12
AVERAGE TEST RESULTS

NAS8-36298

SAMPLE RESIN SPECIFIC BROOKFIELD GEL ATOMIC ABSORPTION

NUMBER SOLIDS GRAVITY VISCOSITY TIME Na K Ce Mg Li TOTAL

% unite cps. secs. ppm pps ppm ppm ppm ppm

METHOD PTM-7C PTM-29C PTM-14C PTM-47B .............. CTM 53B ..............

I-I 80.3 1.186 16,750 210 22.5 0.3 5.3 2.0 0.0 30.0

1-2 80.8 1.193 18,750 227 31.3 0.5 5.8 2.0 0.0 39.5

2-I 78.9 1.189 17,400 240 25.0 1.0 7.5 2.0 0.0 35.5

2-2 79.2 1.193 16,800 260 20.8 0.5 7.0 2.0 0.0 30.3

3-1 78.2 1.181 15,000 262 18.0 1.8 5.8 1.3 0.0 26.8

4-1 83.0 1.167 13,750 255 91.0 3.0 12.5 4.0 0.0 110.5

4-2 83.2 1.169 13,500 245 I00.0 3.0 14.5 3.5 0.0 121.0

5-1 78.4 1.203 10,000 234 12.0 1.0 2.0 3.0 1.0 19.0

USP-39A

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

RESIN SPECIFIC BROOKFIELD GEL ATOMIC ABSORPTION

SOLIDS GRAVITY VISCOSITY TIME Na K Ca Mg LI TOTAL

% units cps. secs. ppm ppm ppm ppm ppm ppm

80.2 1.185 15,244 242 40.1 1.4 7.5 2.5 0. I 51.6

2.0 0.012 2,789 18 34.7 1.1 4.1 0.9 0.4 40.2

78.2 1.167 I0,000 210 12.0 0.3 2.0 1.3 0.0 19.0

83.2 1.203 18,750 262 100.0 3.0 14.5 4.0 1.0 121.0

USP 39A RESIN

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

LOT

AVERAGES

LOT #I

LOT #2

LOT #3

LOT #4

LOT #5

RESIN SPECIFIC BROOKFIELD GEL ATOMIC ABSORPTION

SOLIDS GRAVITY VISCOSITY TIME Na K Ca Mg LI TOTAL

% unite cps. secs. ppm ppm ppm ppm ppm ppm

80.6 1.190 17,750 219 26.9 0.4 5.5 2.0 0.0 34.8

79.1 1.191 17,100 250 22.9 0.8 7.3 2.0 0.0 32.9

78.2 1.181 15,000 262 18.0 1.8 5.8 1.3 0.0 26.8

83.1 1.168 13,625 250 95.5 3.0 13.5 3.8 0.0 115.8

78.4 1.203 I0,000 234 12.0 1.0 2.0 3.0 1.0 19.0

GRAND AVG. 80.2 1.185 15,244 242 40.1

STD DEV 2.0 0.012 2,789 18 34.7

COUNT 8 8 8 8 8

A BASIS

FACTOR 4.354 4.354 4.354 4.354 4.354

MINIMUM 71.6 1.131 3,099 164 -111

MAXIMUM 88.8 1.239 27,388 319 191

1.4

1.1

8

4. 354

-3

6

7.5 2.5 0.1 51.6

4.1 0.9 0.4 40.2

8 8 8 8

4.354 4.354 4.354 4.354

-i0 -2 -1 -123

25 7 2 226



ORIGINAL PAGE iS

OF POOR QUALITY

SAMPLE DSC PHENOL

NUMBER EXOTHERM CONTENT

°C %

METHOD CTM-50A CTM-55

1-1 187 13.83

1-2 187 14.00

2-1 190 13.12

2-2 189 13.48

3-1 185 11.83

4-1 186 12.69

4-2 188 12.88

5-1 189 14.20

USP-39A

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

DSC PHENOL

EXOTHERM CONTENT

°C %

188 13.25

2 O. 79

185 11.83

190 14.20

USP 39A RESIN TEST DATA

AVERAGE TEST RESULTS
Page #13

NAS8-36298

TGA

R.D.S. DATA CHANG'S WT LOSS

MIN. VISCOSITY pH INDEX at 500

cps. temp _C units mls. %

---CTM-57A-- CTM-IB CTM-5B CTM-51

229 115 8.3 23.4 39.1

290 119 8.4 23.8 37.9

172 114 8.4 23.6 39.4

124 114 8.5 23.8 38.2

175 111 8.2 22.2 39.9

148 106 8.18 24.9 42.8

143 106 8.2 24.6 42.5

235 105 8.3 24.1 16.37

TGA

R.D.S. DATA CHANG'S WT LOSS

MIN. VISCOSITY pH INDEX at 500 eC

cps. temp °C units mls. %

189 111 8.3 23.8 40.0

57 5 0. i 0.8 2.0

124 105 8.18 22.2 37.9

290 119 8.5 24.9 42.8

GPC

MOLECULA_

WEIGHT

units

CTM-49_

1,231

1,291

1,800

1,631

1,932

1,679

1,577

1,489

GPC

MOLECULA]

WEIGHT

units

1,579

239

1,231

1,932

(LOTS 1-4 ONLY)

USP 39A RESIN

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

TGA GPC

LOT DSC PHENOL R.D.S. DATA CHANG'S WT LOSS MOLECULA

AVERAGES EXOTHERM CONTENT MIN. VISCOSITY pH INDEX st 500"C WEIGHT

°C % cps. temp °C units mls. % units

LOT #1 187 13.91 259 117 8.4 23.6 38.5 1, 26J

LOT #2 190 13.30 148 114 8.5 23.7 38.8 1, 71E

LOT #3 185 11.83 175 111 8.2 22.2 39.9 1, 93;

LOT #4 187 12.79 145 106 8.2 24.8 42.7 1,62(

LOT #5 189 14.20 235 105 8.3 24.1 16.37 1,48_

GRAND AVG. 188 13.25 189 Ill 8.3 23.8 40.0 1,57_

STD DEV 2 0.79 57 5 0.1 0.8 2.0 235

COUNT 8 8 8 8 8 8 7 8

A BASIS

FACTOR 4.354 4.354 4.354 4.354 4.354 4.354 4.642 4.35J

MINIMUM 180 9.83 -57 89 7.8 20.2 30.9 54(

MAXIMUM 195 16.68 436 134 8.8 27.4 49.0 2,61:

(LOTS 1-4 ONLY)
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_heometrics RECAP _I ........ Page #17

-Experiment No. : -. 11 - Samp]e No. : I

.Title: --=..................

NASA FINGER='_INT VISCOSITYPROFI-LE 91LDRESIN NASA I-OTI-3
_÷ _ -_- -.-..---._ .- . - --_. __..........

Operator :CP .... =--- - ....

Date and Time : Tuesday, August 19_ 1986 - 12:_C_:02 .. '- _"-_--_---

Operating Mode : DYNAMIC

Sweep Type : CURE

Geometry : DISFI & PLATE

RAD IUS .- -_5 .r)o.

GAF' : o. 50

Notes :

STRAIN :50%

FREQUENCY :IORAD/SEC

OF POOP( _,LITY



4ASA FINGER-PRINT VI'SCOSITY PRDFILE 91LD RESIN NASA LOT1-3
P_a..g.e #18

1

2
-,r

4

5

6

7

9

I0

11

12

13

!4

15

16

17

IS

19

2c)

21

e-_ .-e

aL -._,

24

25

26

27

28

s

U1

34

_5

36

37

_9

4 c,

41

42

44

45

46

47

48

z:_,

ETA*

POISE

I. 471e+002

I. 259e+002
I. 14Be+002

1,04be+O02

9.26_e÷001

B. 269e+001

7. ,.%14e+OC) 1

4,.589e+OA !

5. 923e÷001

5. 370e+001

4. 883e+001

4.45Be÷O01

4. 110e+001

3. 834e+O01

3. &Ole+O01

3. 331e+0C)I

3. l_7e+O01

2. 890e+0C31

2. 730e+O01

2. 601e÷001

2. 474e÷Or)l

o _52e+{)01d--.

2.1#le+nr)laL , . .

2.06Be÷051

1. 923e+C)01

1. 798e_-, "'')I

1.6-_,'3e+0C) 1

I. _97e+001

i. 3-}oe','O01

I. 216e+001

I..11#e+0C) 1

9. S- Ie÷00C)

I ..EO2e÷AC) 1

9.617e+CJc')C)

4. B23e+C:O0

O. 066e÷000

6. 802e+000

6. _23e :000

.400e+OC)O

4.4 ° 1e-:-C. 00

3 •917r-÷O00

I .527e+,)AC)

1 .5F.]e÷Or,.')

I. 81 le_-O00

2 179e-'-000

2. O-_e "-c_¢"]

__._-,2_Be+O00

_,'--.99oe_-000
6. 370e+0C,0

ETA '....... ETA ..... TORQUE

-PO ISE PO ISE GRAMS-CM

I° 349e+002 5. 847e÷001 I. B47e÷O01

1.17De+O02 -4.595e+001 - !.581e+001

1. 062e+002 4.348e÷001 1.44r)e÷O01
Je.552e÷O01 --_a.271e÷O01 I. 313e+001

8. 327e+001 --4_J57e'_-O01 --1. I b_e÷O01

7.2B5e+001

- --6. _'_b6e÷001

5. 563e+001

4. B58e÷O01

4. 271e÷001

3. 791e+001

3.3 _=',6e+O01

2. 968e+001

2. 700e+001

2. 475e+001

2. 269e+001

2. 154e+001

2. 021e+001

I. 95Zle+001

I. 895e+001

1. O6C)e÷OC) 1

1.81 ?e+O01

1. 767e÷00

1 .72Ge+001

1. 646e+001

I. 593e+001

1. 472e+001

1.371 e+O01

I. 2_7e+00_

I. 133e+001

1.04Be+O01

9. 239e+000

I . 122e+001

9. 15_e+C)OC)

z;.639e+000

7. 930e+000

6. 696e+000

6. _44e+000

4. 267e+000

4. 393e+0 ",]

3.86_e+000

1. 326e+(,:.3

1.3_9e÷000

1. 505e+000

2. C)83e+OC'r_

I. 834e+000

2. 192e÷000

3. 866e÷000

5. 971e+000

5)"_,.912e+O01

3.-__ .)4 e_-O01

.531 e+O01

3. 389e+001

3. 255e+001

.079e+001

2. 957e+001

2. B4--.e_-O01

2. 722e+001

2.6_ 6e+001

2. 438e+001

2. 281e÷001

2. C)b6e+O01

I. 90&e+001

I. 780e+C)01

1. b32e+rx] !

I. 4C_4e+001

1. 296e+001

I. 143e+C)01

9. _3 _e÷O00

B. 339e+0C)0

7. 077e+000

6.0C)5e+000

= ¢)62e*rO0

4. 436e+C)00

.94 Ie+000

.361 e+O00

4. 301e+000

2. 937e+000

1. _ I_e_-O00

.477e+000

1. 198e+000

9. 988e-001

1. 076e÷000

B. 549e-001

6. l_,>e-O01

7. 579e-001

7..-,'.,3C)e-O01

1. O07e+O00

6.38_e-001

9.9o6e-00_

7. e7.6__-001
1. 009e+000

2. . _219e÷C)C)O

1. 037e+001

9. !8C)e÷O00

8. 267e+000

7. 434e+000

6. 746e+000

6.126e÷000

5. 596e÷000

5. 157e+C)00

4. B 13e+O00

4. 518e+000

. I-8 le+Or)O

3. 940e+000

3. 628e+000

3.42Be'_O00

U. 2_ 4e+C)C)O

_.. 10Be+nnO

2. _54 e+C)C)O

2. 752e+000

2. 595e+0C)0

2.416e+C)OC)

2. 257e+000

2.051 e+OC)O

!. 8Sle+O00

1.69C)e_C)C)C )

1. 528e+C)C)?)

.1. 406e+C)00

I. 235e+000

1.5C)8e+C)C)C)

I. 2C)8e+C)C)O

6. 062e-001

I. 013e÷O00

B. 550e-001

.O&6e,O01

5.52_e-001

5. &24e-O01

4. 922e-0(') 1

1. _17e-0C) I

I. 9_5e-001

.273e-001

2. 738e-0C: ]

2. 623e-001

924e-001

5. 026e-001

8. O05e-O01

= _

T IME TEM_

MIN. DEG. C

- _. O00e-O01 3. OOC)e-(-O01

1. O00e+O00 _. IC)Oe÷O01
2. OC)O_'÷O00 _. 2C)Oe÷C)O 1

- 3. O00e÷O00 _. 4C)0e+001
-4. O00e_-O00 3. &OOe÷OC) I

5. O00e___OOO 3.7C)Oe+C)01

.O00e*_O00 - -.3.900e+001
7. O00e_-O00

8. O00e+O00

9. O00e÷C)O0

1. (,r)Oe+O01

1. 1C)Oe÷C)01

I .20C)e+001
1. _C)C)e+OC) 1

1.4C)C)_'.+OC; I

1.5C)C)e+C)O 1

1. _OC)e+O01

1. 700e+O0!

1. BOOe+C)C) 1

1. 900e÷C)O 1

2. O00e÷C)O 1

2. 10C)e÷O01

2. 200e+O01

2. 300e+O01

2. 400e+O01

2.5C)0e+0C) 1

"2. 600e+O01

2.7C)Oe÷O01

2. BOC)e+C)O 1

2. 900e+001

3. O00e+O01

3. lOOe+O01

3.2C)C)e+OC) 1

3. 300e+OC) I

3. 400e+O01

3. 500e÷001

.3.6C)Cie+C)O 1

3.70C)e+001

.800e÷OC) 1

3.9C)Oe+O01

4. C)OOe+O01

4. 1C)Oe+':')C)I

4.20C)e-,-C,O 1

4.3C)C)e÷C)O 1

4.4C)Oe+C)O 1

4.50C)e+C)C) I

4.6C)Oe+C)C) 1

4.70C)e+O01

4. 800e÷001

4. IOOe÷C)C) I

4. 300e_-C)01

4.5C)C)e+O01

4.7C)Oe+OC) 1

4. 900e_-O01

5. 100e+001

5.30C)e+O01

5.5C)C)e+C)C) 1

5.70C)e+001

5. 900e+0{)1

6. 100e+001

&. 300e+O01

6. 500e÷001

6.6C)C)e÷C,,:')i

6. 800e+O01

7. O00e+O01 "

7. 200e+001

7. 400e+OC) 1

7. 600e+001

7. BC)Oe+O01

B. 00qe÷O01

.200e+O01

Ei. 400e+001

8. 600e+0C) 1

. B,?Oe+O01

9. 000e+O01

9. 200e+O01

9. 400e+O01 :.:_.
9.60C)e+O01

9. BC)Oe+O01

••. O00e-'-O02 - .

I. 020e+002

1. C)40e+C)02

1. C)6C'e_C)C)2
1 •080e+002 _M,&

I • 1C_:_e÷C),:)2

I. 120e÷002

I. 140e÷002

1. 15.::)e÷002

1.17C)e+002

1. 19C)e+002

1.20C)e÷0C)2
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F_,.eD_:C-L"J[-£ r,,E:_-AF' 1i Page #20

F':pE;-i;,:e;-,+ No. : 3 Sam_le Nc_.. : 1

,-_tle;

h!AEA P_T!._E,F_,_'pr_INT VISCOBITY _;O=."LE UEF' 3_A P:ESII_ NAEU LOT2-2

'i :._..rator : CP

F'_t__ ar, d Time : Friday, Augu__t 15, !_6 - 13:5,:"53

! ,__,_ _, CURE'_. T Fe :

Geometry : DISF & _'LATE

GA_'
c:"

I ?tes :

'= r_:--.:It,! =50%

FF-:EOUErJCY =10 RAD,'SEE

ORIGINAL PAGE IS

OF POOR QUALITY



NO. ETA._ ETA ' ETA" TO=:DLIE "TI _E

F'O 1SE F'O I SE "' '."_I SE G=:Ar'iS-CM M I N.
1 2 •748e_D,)3 2. 747e4-0C T, 4. _L.Be+(}O l 3.5,2;:.'}e_,>,"}':2. O00e-r}Ol

2 2. 751 e+003 2. 750e+003 5.58_e+001 3.5,."'3_+C_02 I. 000e+0':}0

3 2, 407e+003 2.4DTe+003 4.55,],e-,,-C,0! 3. 062e+c'02 2. O'O{'}e+:?.z}rJ

4 1. q52e+{'}r}_.... 1 .952e+003 a. 1.-.4e_001 ."_476e+0c)2 3. OOC_*c.j6

5 I .521 e+0.33 I .52,:Se+C_c)_-t,3. aege÷001 1 .925e+A02 a. ,:}00e-|-OOr_

6 I. 181 e+003 1. 180e+C)03 3. 659e+,"K'_ i 1.4 _3e+0C}2 5. OCW}e÷00C)

-', _. 0._4e÷0C'2 #. Ol Oe+Or.'2 =._717e÷001 !. 1E7c_,-.-c}02 6. 000e400<}

8 6. r?SJ e+002 &. 845e+002 2. 800e+0C_I 8. 640e÷001 7.00¢_e+006

9 5. 225e+002 5.2 !9e+(K}2 2. 522e+001 6. 579e+001 8. 000e+¢_0{'}

10 4. ,Jl3e÷002 4.00-e-002 2. 174e÷001 5. 052e+001 9. 000e+00o

I 1 ,-_.136e+{1;02 3. !2_e+002 2.1 I2.-,-0c_I 3. 947e+00! 1 .Oc;Cie+O0!

12 ...'"457e+0{'_2.. ..'-'449e+C}02 2. {'}I3e÷001. 3:.rJ9r)e÷C_(}I. . ...... I. IcJC_e+{':_',i

3 1. 938e÷002 1. 928e+002 1.99Zle÷001 2. 436e+001 J ..'£,30e+001

14 I. 561e+0C12 1. 549e+002 1. 938e+001 1. _6!e+0C|i 1.30,:'|e÷00!

15 I. 257e+002 I. 244e+002 1. 839e+001 I. 580e+001 i. 4('}_1}=4<'>0_

16 I. 014e+002 I .0,"3e+002 I. 54.-,e+001 1. 273e+::J01 1. 500e+001

17 _.._-,40e+OA 1 _. 2.-,_e÷001 1. 320e+001 I •047e'_(',C_! I. 60C_e+,'_O 1

18 7. ¢)T,_-re+001 6. #_r}e+,:_O 1 I . 145e+001 8.84C}e÷000 1 .700e÷O.J_ 1

19 .5.969e+C}C_ 1 5. eS_e+C;C} 1 I. 001 e+C)O ! 7.4qoe+O,:,,iO 1. 800e÷001

2,3 5.047e-,-001 4. _72_+0,)1 8.644e+000 6. 340e+0, Z)r_ i .900e+{1}01

-I m _m(:L=._C}O1 4 276e+Ori! 7.214,.'Se+{Z}C}0 5 447e-*000 "_ r,c,c}:÷,,r,_

22 3.75{?e+001 3. 701 e-_001 6. 560e+0C}0 4. 720e*C_00 2. IOOe+O01

-3 E. 215e-0C_I 3. _68e+001 5. 477e÷000 zl.03.4 e+r_00 2.26C}e+C}{-_I

.24 2. 777e+,:.',q I ,._ 7_-. 6-£--',-0':.'11 _,. 723e+Ci90 3. 4B..Se+<],:,O _...m7.cl{];e+(.r3 i
,25 2.-"c)_-'.-;)rll _." 2"E._',e,+(')('ll 4, 172e+6('}:'_ .,_."'e77,=.+.300 .,:." 40Cle+,'_-il._,t . _ . .......

26 _."}(}79e÷0,31 2. 04_e+001 3. 492e+000 -."6,::}Oe+OCw:} 2.5C:0e+601

"7 1 794e*o01 1 77C_e+60_ "_ 927(s+,St'_O 2.253e+0C_0 2 600e÷00i

2e 1 .5,7_6c....:_,._! 1. 483e.-0{')I 2. 647e+000 1.89c}e+0c}0 2. 700e+c}01

29 1 ._27e+(,01 i .3_z_ge+001 -'.'_ i97e400c_ I . _6x.e+oc.'_. 2.8C_0e+00 !
5{3 1. 166e+001 I . !5._e-+O':]_1 I .650e+000 1 .463e+0":')0 2. 900e÷001

TI _. "_7.=.c.+,:.",',0 @. 57'9e+000 1 .74E_e+C_O0 I .222e+C}00 3.0,,,}{.'}e+,:}0_

""_ • _h 2 4. • . • . . • ....._,.: 8 8z, ";.'r'> E: 742e+0"_0 1 "%,Ile+Cr:'}."} 1 11,3e+,i'|0C} _,. Ir_'_e.÷(_::i

3_ 8.08qe+(}{'}c}.......... 7.9_5=+g}0{'} 1 . 2=2e* {'}r,r}... 1 . r,_.. 5e_-,:,'r_O "..: 2r}r}e÷r_c}l....

_'34 7. 1 &.qe+O0,:} 7. 105,e_-Or},:} ._. 554e-0C_1 9. C)OC}e-O{-}I _. _{_0e÷001
•--,5 5. _ ......... _ _ .• ,.,=e-_uu}t} 5. 868_+_',,'}{'_ 6. 306e--001 7. 406e-0,:1>I 3.4r_t'}e÷£}O ]
36 5. 405e+000 5..]t.5Te*00,.'_ 7. 368e-001 6. 783e-001 3.5,-}0e+001

37 _. 945e+000 3.945e+0{7}0 3.2eSe-602 4.951 e-001 .'3..600e+00 !

38 .3 "-_ .... .50-e-000 6qle-OC} 10e-O01 7C}6e÷0C). _,, 4e+(.K, ..} 3 2 .... 1 4.4 _ ...... 1
_: ,z".057e_OOr_ _'3",.055e÷0C}0 I. 028e-001 .'3,._E,Se-001 3.8,:_0e+00 ]

4{-.} m 824e+000 2. _" 2-'-300 5. 250e-002. ,.:.4 3. 546e-001 2_.900e'_001

I .::.'-'6Ege+__C_C).. ._.'-"638e+00C} 5. 008e-0C}2 3,.31Cie-C,{'}I.. 4.00C}e÷0{] _

zl2 ,-,• ._. 532e +,',,_._"}.. . =.'_ 5_2e+6c_6.... O. 00{'_e+000 3,. 180e-001 4. 10,Se_-O,,,.' 1

a3 2. 6"_._+_'}r_{'____ . . . ,'_. 619e+6_}C}... ! . 7_1 e-O0 ! "_.. - vSe-L_(1"_" " } 4 . 200e-6 "}1..
44 '_ 504e+OhO 2 427e+{'}0c} 6. 148e-001 .'3,143e-001 .'I=,r}Oe+C}Ol

45 I. 607_+000 1 • 51 _94"C}C}C} 5. 247e--OA1 2. 019e--001 4.4C}{'}e+0{'}1
,'16 I .2z.Zle+OC}O 1. 234e+000 1.5_3e-00 ! I. 560e-001

47 _ . .._. 421 e_-OO,zi 2.36E'e*Oc,¢} 5 321 e-{]_O1 3.04('e-001 4 6r}Oe÷001

48 "3,.C }Te+O,-}r} 2.9_7e._000 9. 815e-001 3. 888e-001 4. 700e÷O01

49 '2-,.c.Eq e_Oc}O 2. 593e+{2}00 6. 906e-001 3. 370e-001 4. 800e._001

50 2. 321 e_-,;,'b,', 2.2¢:9e÷000 7. 15ee-O{:*l --."914e-061 4. qOOe+O01

TEi{P

DEG. C

3.2C :'}e+,':.:)1

.20'-."_'"-'7..'} i

.TO,>e÷C} ,

i_.5,.'}r:e ÷ 001

•_.. 8:X's "'0'."; 1
a. r}OOe÷00!
4. 100e_ ]":,1

4.3{,0e-001

4.50_-:e÷{'}01
4. 700e+C},', 1

4.96C_e÷C}01

5.100e÷001

5. 300e-,-,::_01

5. 500e+001

5.70C|e÷001

5.90'.;}e+C_01

6.0'70'_.+,?,01

6.2C}{'}e_,'}01

6.4,:}C,e÷{7}01

6. 600e+00!

&. _OOe.!-O01

7. O(,Oe+O01

7.2C},'}e ÷0-} 1

7. 400e+r]O 1

7.600e+00i
7.70C}e.+ 001

7. qC}.ge+O01

. I gOe÷O{:}!

B. 300e+C:'-} !

E'.5 _?},-,e +,:':01

8.7"3};,_-,* _"_01

8. _c}.'Z}e+¢}O i

9. 1 O_:_e+:';O 1

9.3:)r_e_,.':,O!

9. 500e+001

._. 70,'_e÷00 1

_;.9,.',0e+001

1.0{7_0e+002

i. 020e+002

1 .OZ?e,+-OC_2

1. 060e÷,:_c}2

._.080e÷002

1. 100e÷002

1 . 12{'}e÷C}02

4.5A,"_e÷O01 1 • i a "3)_- +_.]Ji:) 2

I. 16{}c.+c}_'}2
1 . 180e+002

1 . 20{1}e÷C}02
1. 220e+002

:'._ .41 :/;



OF POOR QUALITY

._,;A=,A FI':,___E=:FF:Z;,._T ',J!__COSIT_ _-I:,:_-ILE iJSP _ 3'9A RESIN NASA LOT?-2
._Plg_ ..#2_2__

NO. ETA* ETA " ETA" TOF:C'UE T IME TEMF'

F'OI EE POISE POISE G=,AMS-CM PIIN. DEG. C

51 2. _?2e+A,::)A 2.7;3e+000 i .c_74e+0':-)0 3. 755-_--0':')i 5.0(')(')e-,;)01 i. 2a0e+_'}_')2

52 3. _-34e+0r),'_ 3. 139e+000 1. 123e+£)_',0 4. 138e-001 5. 1-(-)0e+0'Z_l 1.25c, e+A02

53 4. _2Se+ ;:K)0 4.6#0e_-0(])0 1. 125e+r_0C_ &. (:)53e-001 5. 200__+00 ! 1. 270e+0'}2

54 6. 376e+000 6. 16-"e+000 1 .m 1-'e+0(:)0 9. 005e-0r.: I 5. 300e+C'01 I .290e+0C_2

55 1. {,-13e+0.)1 9. _72e+0(')(') 3. 074e+C_00 1.3C)9e+C)0() 5.4',}_"e+001 1.31 (:)e+002
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GPC CALIBRATION PLOT

Page #27

*** Calibration Data ***

Calibration Name:

Mist Information:

Fit Type: 3

Log Mo] Wt - A ÷ Bx ÷ Cx^2 + Dx^3

A= 2.538977 B- 2.115815 C- -.5646824

Coefficient of Determination: 0.9902

Ret Time Molecular Weight

pz 3.606432E-02

Log Mo] Wt

3.50 35000 4.544

4.33 15000 4.176

4.83 3600 3.556

5.09 2350 3.371

6.00 570 2.756

7.17 92 1.964

7.50 72 1.857

Lo9 Mol GrCCALIBR_TIOllPLOT

185

1114

3
19

2
18

Wt
w

m

n

!

m

n

i

1
111 2.11

m

m

N

m

m

|

m

m

m

I I I I

3.8 4.0 5.8 6.!
Retention Tiae or Voloe

I

7.0 8.8
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Sample Name: 91LD I-I C=2.68 Operator Initials: GBF *
• Date: 08-05-_13:16:30 Method: DATA FILE: B:GFC25 .PTS *

Interface: 5 Cycle#: 25 Channel#: 0 Vial#: N.A. .

Starting Peak Width: 60 Threshold: 0 *

w Instrument Type: HFLC/BECKMAN Column Type: ULTRASTYRAGEL 500A *

Solvent Description: THF , *

• Operating Conditions: T=350 FLOWRATE=2.0ML/MIN *

• Detector O: 254NM/.1AU Detector I: *

Misc. Information: CALIBRATION/GPC *

******************************************************************************

Starting Delay: O.C)C)
alibration file: GF'CPHEN

olecular Weight Distribution
Baseline TIMES: 3.85 to

_rocess TIMES: 3.85 to

otal Area: 153894

,.,w= 1770

Mn= 462

w/Mn= 3.8293

z= 4175

_v= 1555

Ending Retention Time: 10.()O

Averages

I0.00 MW: 22295 to

I0. O0 MW: 22295 to

2

2

x Area

2.B

Mol Wi 5 4

18 18

Log Mol Wt vs. /_reax-Cux

/

3 2
18 18

I

18

?5

58

Z5

8
8

18



r_ATA FILE A:GF'C31.HDR TAKEN 08-05-1986 17:39:57
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GF'C REF'ORT ____-

******************************************************************************

Sample Name: _I-I=2.68 Operator Initials: GBF *
• Date: 08-05-1986 15:00:24 Method: DATA FILE: A:GPC31.PTS *

Interface: 5 Cycle#: 31 Channel#: 0 Vial#: N.A. *

Starting F'eak Width: 60 Tt_reshold: O *

• Instrument Type: HF'LC/BECKMAN Column Type: ULTRASTYRAGEL 500A *

Solvent Description: THF *

Operating Conditions: T=35C FLOWRATE=2.0ML/MIN *
• Detector 0: 254NM/.IAU Detector 1: *

Misc. Information: CALIBRATION/GPC *

********************************************************************************

Starting Delay: 0.00 Ending Retention Time: 10.00

_alibration file: GPCPHEN

;olecular Weight Distribution Averages
_aseline TIMES: 3.85 to 10.00 MW:

Process TIMES: 3.85 to 10.00 MW:

°otal Arei: 211188

lw= 1231

Mn= 312

"lw/Mn= 3. 9362

Iz= 3069

My= 1076

22295 to 2

22295 to 2

Area

2.9

llolWt 5 4

18 18

Log Mol Wt vs. Areax-Camx

3 2
18 18

1
18

Cul X

188

Z5
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******** AREA F'ERCENT REF'ORT ********

*******************************************************************************

* Sample Name: 91LD_1-2,C=6.80 Operator Initials: JGZ *
Date: 09-0_08:54:02 Method:PHENOLIC DATA FILE: A:PHENO41.PTS *

Interface: 0 Cycle#: 41 Channel#: 0 Vial#: N.A. *

* Starting Peak Width: 10 Threshold: 1 *
******************************************************************************

Instrument Type: BECKMAN HPLC Column Type: MICROBONDAFAK C-18 *

. Solvent Description: THF/WATER, 2:1 BY WEIGHT *

Operating Conditions: R.T., FLOWRATE=I.5 ML/MIN *

Detector 0: 220NM/.5AU Detector 1: *

Misc. Information: LENGTH=25 *

tatting Delay: 0.00 Ending Retention Time: 10.00

Pk Ret F'eak Area B Peak Normalized Area/

"'_. Time Area % L Hr. % Height

2 1.82 121318 b4.1205 2 5979 100.000 20.3

3 1.98 21021 11.1102 2 4292 17.327 4.9

4 2.08 46864 24.7693 2 4890 38.629 9.b

-_tal Area: 189203 Area Re3ect: 1(1_00 One sample per i. 0r)C) sec.

ORIGINAL PAGE _S

OF. PPOR QUALITY
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DATA FILE A:F'HENO20.HDR TAKEN 09-01-1986 15:13:56

Page #32

******** AREA F'ERCENT REF'ORT ********

****************************************************************************

* Sample Name: _m_,2-1,C=5.555 Operator Initials: JGZ
* Date: 09-01-I-986 15:13:56 Method:PHENOLIC DATA FILE: A:PHENO20.PTS

* Interface: 4 Cycle#: 20 Channel#: 0 Vial#: N.A.

* Starting Peak Width: 10 Threshold: .01
****************************************************************************

* Instrument Type: BECKMAN HPLC Column Type: MICROBONDAPAK C-18

. Solvent Description: THF/WATER, 2:1 BY WEIGHT

* Operating Conditions: R.T., FLOWRATE=I.5 ML/MIN
* Detector O: 220NM/.5AU Detector I:

* Misc. Information: LENGTH=25

Starting Delay: 0.00 Ending Retention Time: 10.00

Pk Ret F'eak Area B Peak Normalized Area/

No. Time Area % L Ht. % Height

1 0.7_ 2256 1.2208 1 562 2.392 4.0

2 1.82 94314 51.0355 2 5417 1OC_.C)OO 17.4

3 1.97 29598 16.(}160 2 5094 31.382 5.8

4 2.07 58633 31.7278 2 5278 62.168 11.1

Total Area: 184801 Area Reject: 1000 One sample per I. Oc'_O sG

ORIG,I_NAL pAGE- _S

OF POO IR QUALITY
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ORIC.._I_IALPAGE is
OF POOR QUALITY

TYPICAL GAS CHROMATOGRAPH SET-UP

Ope,,Io,0..._.%
v

Column

Length _"J_o
Dia. IJt._.,_v_o

Liquid Pnase_
Wt. _ ¢7.1

Hesn

Carrier Gas "_z..
Rotameter
Inlet Press_psig
Rate _ ml/min

CHART SPEED
SAMPLE_ %P,_'_'_,_-_

Size_

Date I_-)(_
Detector "_'_

Voltage
$ensit.

rio. Rates. ml/min__

Hydrogen,_a_ Xir"_:::z_

Scavenge
Split

Temperature, °C_

oct._ tnj_
Column tnitial

Final _t,(_P
Rate-__---- I

F. .J
Concn._

GAS CHROMATOGRAPHY STANDARD SOLVENT

TEST METHOD CTM-55

STANDARD SOLVENT/MONOMER RETENTION TIME (MINS,)

MEOH

ETHANOL

MECL2

ACETONE

IPA

THF

ACETONITRILE

CRESOL

MEK

FURFURAL

TOLUENE

CHLOROBENZENE

PHENOL

,6

1,18

1,28

1.45

1.83

3.08

3,2

4,03

4,08

15.03

17.98

19,6

22,08

NOTE: THF WAS USED TO DILUTE THE RESIN SAMPLES.
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OF POOR QUALITY

_._._ REAL

F

L

'I

LL\

T IME C:HI::OMATOGRNr,I :t't;I:

FINAL FULL SCALE M'..,'=1000.00

SFIFIF'LE' " ';',_L[, F-i
H ISC:." ,;_-_I-1017 :;.iC_'I_/ML

TIME: 11:4'3
DATE • I.""I0- 86
OPERFITOR : .JGZ

_,Ut-J, TIME: SO O0
DELft;" TIME 0.00
C HR t.¢: 0

M INdTES

PI::" RET PEAl ( AREA B FEAK
NO TIME FIRER % L HT.

2 G5 17E'.9 .075
5 1 .T'O 204140 8.568
6 S 05 ?c'_10_00 84 _.c-'.-

_. ._S. .065,. =, 55 ;.=,7
19 ll.PO 2'214 .093
39 22 05 I,:'.20:00 6.802

TOTAL AF'EA= 23S2_,,_ I
THRESHOLD= I
MIN F'I:IWIDTH= 15
AREF_ REJECT= 10E,0

2 235

S 8430E.
4 127
2 96
1 8700

Page #35

'.)EPTICRL SCALE F_CTOFI.IYI

6_
r--

7_

I:__

SAHF'LE :
MIF;C. " _017E, I_HS/IwL

TIME: 11:49
DATE: 12.-'10.-'86
OF'ERRTOR: JGZ

PUN TIME_ 30 00
DELAY TIME e.0o
CHBN: 0

M IHuTES

F'K RET PEAK AREA E:
NO. TIME AREA :; L

PEAl,
HT.

5 1.70 204140 e.5E:E;
G 3.05 2010_00 E:4.594

39 22.05 162000 6.E:IE:

TOTAL AREA= 2377120
THRESHOLD= 1
MIN PK.WIDTH= 15
AREA REJECT= 2300

2 11°5R
3 84_06

I B700
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/
t.:tt:PERL TIME CHFOMFITO,';F'FIM ._:t,t

F_L

t.-.

t
k

L
t
L
k

F
r
r

°.

i "---'
I-

L
L

L_

FINAL FULL SCFtLE M'J.=IOOO,GO

SAMPLE I I ::'P _:_1:1 4-"--
MiSC ,.=_J i019'b GMC.ML

TIME 14:04
O_TE 12.16..'E;6
OF'EF'RT:R_ .JGZ

_'UN TIME, _0.00 MINUTE:-,
DELA",' TIME: O,O0
CHRN :

FI< FcET F'ERK FtRER B PEAl<.
N 0 T 11"IE F_R E A % L H T

4

5 2 '_0 1343400 T2
6 3 .o,:'-'' 16833
T 4 '9_3 3075
E: 5 4E: 27_9

14 11 65 9'910
30 21 E:5 121440
_I 22 OS 2@T110 11

I 65 139370 7 563 2

896 3

913 4
113 4
15e S

538 I

598 2
238 2

TOTRL RRE_=
THRE'-;HOLD= I
MIH.PL .NIDTH:

FIREA REJECT=

IE:42907

15
1000

10S53

81323
843
123
235
512

10620
10643

'JEF:TIC:RL SCRLE FFICITOR: 1>i

5-- m

S:

14_

I

SFIMPLE. II::,r_r-.,A 4L--,'
MISC. '::=0. 1019'_, GM':_,..-lrIL

TIME: 14:04
DBTE: 12/16/86
OF'ERRTOR: .IG2

I;,UH TIME: 30.00 MINUTE'S
DELRY TIME: 0.00
CHRN: 0

PK PET PE_K RRER E: PERK
NO. TIME _RER % L HT.

4 I._5 139370 7._94 2 10853
5 2.90 1343480 74.167 3 81323

30 21.85 121440 6.705 2 10620

31 22.03 207118 11.434 2 10643

TOTRL RREA=

THRESHOLD= I
MIN PI:.WIDTH=

RRE8 REJECT=

1 E:11 _20

1 =
1700O
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FABRIC TESTING

COMMENTS AND OBSERVATIONS

NAS8-36298

I. SAMPLING PLAN

The four fabrics utilized for this project were sampled for testing during

the visual inspection which was conducted on each roll. Typical examples

of the inspection reports are included on pages #25 through #28, while copies

of the inspection reports for each individual roll are included in the

appropriate prepreg fingerprint. The rayon-based fabrics, CCA-3 and WCA,

were delivered in nominal full rolls of 90-100 pounds and the rolls were

approximately 150-180 yards of 44-inch wide fabric. Samples were taken

from the start and the end of each of these rolls with each test sample

representing approximately 90 yards of rayon-based fabric. All test lots

(20 Ibs.) contained only 20 yards of fabric; and in these cases, only single

fabric samples were taken for fabric characterization.

The PAN-based fabrics, SWB-8 and PWB-6, were delivered in nominal full rolls

of 10-20 pounds containing approximately 20-40 yards of 33-inch wide fabric.

Samples were taken only from the start of these rolls with each sample

representing about 30 yards of PAN-based fabric. For PWB-6, the production

run for the second lot of FM 5839 using fabric sample #2R-1 was out of

specification in resin content and could not be used to satisfy the prepreg

testing requirement. This resulted in a second production run utilizing

fabric sample #2-14 which was acceptable. Results of fabric testing on

both of these fabric samples have been included in the fabric statistical

averages.
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Fabric samples were maintained at ambient conditions in open plastic bags
until all testing was completed. The sequence of sample numbers followed

the prepregging sequence of rolls but does not exactly correspond to the

prepreg rol! numbers. For example, only IO of the 13 fabric rolls
characterized for SWB-8Lot #2 were utilized to produce 7 rolls of prepreg

for FM 5834 Lot #2. Therefore, each roll of prepreg contained 1+ rolls
of raw fabric with 3 fabric rolls characterized, but not utilized for

production. Comparative fabric data is summarizedon pages #8 through #10,

with individual fabric data on pages #11 to page #24.

II. TEST METHODS AND OBSERVATIONS

A. Carbon, Hydrogen and Nitrogen Assay

A LECO carbon, hydrogen and nitrogen analyzer, Model CHN-600, was used

to determine the assay values. The lower carbon assay and higher nitrogen

assay of CCA-3 shown on page #11 are typical due to the lower firing

temperature. No other significant trends were observed.

B. Areal Weights and Volatiles

Initial weights were taken of 4 in. x 4 in. squares of each fabric as

received, after several months storage at ambient conditions. Of

particular importance is the large standard deviation of the weights

of spun PAN fabrics, 0.26 gms. for SWB-8 and 0.18 gms. for PWB-6, compared

to the continuous rayon fabrics, 0.08 gms. for CCA-3 and 0.05 gms. for

WCA. This large variability of spun PAN fabrics (3-4 times that of

continuous rayon precursors) was observed in several fabric physical

measurements due to the structure of spun PAN yarns and methods of fabric

manufacture. Other in-process data, not included in the fingerprint

characterization, but summarized on the chart on page #29 indicate that

the variation in weight between sides of the fabric roll, left and right,
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compared to the center width of the roll was 2.5-3 times higher on the

spun PAN fabrics and also indicate that maximum fabric weight variation

between the start and the end of the same fabric roll averaged only

6-7% in continuous rayon precursors and 24-26% variation for the spun

PAN precursors. Considering 180-yard average roll length for the rayons

versus the 40-yard rolls for spun PAN, this weight variation for PAN

fabrics appears to be excessive.

The fabrics specimen were then dried in an air circulating oven set

at 325°F for 15 minutes, and the weight change used to indicate volatile

content. It should be noted that in a pretreating step in impregnation,

all fabrics are dried, so that all fabrics, including CCA-3, enter the

impregnation step at lower volatile levels than this data indicates.

For convenience, the unit conversions for average dry areal weights

are given below:

DRY AREAL WEIGHTS

FABRIC TYPE OZ. PER Sq. YD. GMS. PER Sq. METER

CCA-3 8.00 271.1

SWB-8 9.28 314.7

WCA 7.17 243.1

PWB-6 6.91 234.3

In the final step in the areal weight test method, the samples were

washed with acetone and redried. This procedure is standard for

calculation of the percent of sizing applied primarily to glass fibers

but for carbon and graphite where no sizing is used, the test results

were inconclusive and have no particular application.
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C. Specific Gravity

A helium pycnometer was used to determine specific gravity. The results
for CCA-3 are unreliable due to the surface activity of carbon fibers,

fired at a lower temperature. Expected values for CCA-3 would be in

the range of 1.84 rather than the 2.95 observed. The specific gravities
obtained of the other fabrics were all higher than expected.

SPECIFIC GRAVITY

FABRIC TYPE EXPECTED OBTAINED

CCA-3 1.84 2.95

SWB-8 1.76 1.89

WCA 1.44 1.64

PWB-6 1.75 1.81

D. Filament Diameters

Warp filaments were surveyed for each fabric sample with 10 representative

individual filaments being measured using scanning electron microscopy

(SEM). Filament diameters in the fill direction were measured, also

with 10 filaments being surveyed, but only for one sample per fabric

lot and type. Results indicated no significant differences in diameters

between warp and fill filaments, and all were within 9-10 micron range

regardless of the fabric type.

E. Thread Count

Using a thread counting apparatus with an optical magnifier, the number

of yarns per inch was averaged for five individual readings in both

warp and fill directions. For SWB-8, due to the irregular filament
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directions and the tight weave, the optical thread count was difficult

to determine and was verified by a physical separation and counting
of yarns. Once more, the standard deviation in thread counts for spun

PAN fabric were 3-5 times higher than their corresponding weave in

continuous rayon precursors. Also notable is WCA, the only fabric in
this study which is not a balanced weave (i.e., a different number of

yarns in the warp and fill directions). Even though WCAis a square

weave, (one over and one under) the 29 warp by 21 fill yarns are the

main contributors to the roughly 2 to 1 directional breaking strength
(48 Ibs./inch warp to 20 Ibs./inch fill) (page #19).

F. Breaking Strength

A one-inch wide, cut fabric strip was stressed in the universal test
machine to determine the raw fiber breaking strength values in pounds.

All fabrics had roughly balanced breaking strengths except WCA,where

the main contributor to the unbalanced breaking strength is the unbalanced
thread count. The variation (standard deviation) in breaking strength

for spun PAN fabrics is, in most cases, higher than the corresponding
rayon precursor for equivalent weavepatterns.

G. Thermal Gravimetric Analysis (TGA)

Two different equipment set-ups were utilized at U.S. Polymeric to test

weight loss in air versus temperature, for fabric samples. Set-up #I
consisted of a Perkin-Elmer model TGS-2 thermal analyzer with a DSC

programmer which contained only a programmedheating rate. Equipment

set-up #2 used an identical TGS-2 thermal analyzer with a Perkin-Elmer
System IV controller with a feedback loop in addition to a programmed

heat rate. For data comparison purposes, the temperature in °C at which

50% of the weight loss had occurred, was selected to give a point
approximately half-way down the steep portion of the curve. Note:
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equipment set-up #I consistently gave 60°C higher temperatures for the

50% weight loss than equipment set-up #2, since the pyrolysis became

partly exothermic, and the feedback loop on the system IV controller

sensed the exotherm and reduced the heat input, while set-up #I continued

with the programmed heating rate.

The higher firing temperature of WCA tended to give most stable TGA

on both set-ups (i.e., longer to show 50% weight loss), while the spun

PAN fabrics were 50°C below WCA. The lowest fired fabric, CCA-3, gave

the least stable TGA, as expected. Concerning individual variations

(standard deviation) in the temperatures, spun PAN's were generally

more variable than their rayon equivalent. Typical plots for each fabric

for each equipment set-up are included in pages #30 through #37. The

graphs for each fabric sample are included only in the appropriate prepreg

lot fingerprint.

H. Atomic Absorption (AA)

The ash from a 600°C (1,112°F) pyrolysis occurring over 16-20 hours

was digested using hydrochloric acid and compared for light absorption

with accurately prepared alkaline metal standards at 0.5 ppm. Of

particular note is the higher overall levels of sodium, potassium, and

magnesium in CCA-3 accompanied by very low levels of calcium. The two

spun PAN fabrics appeared similar to each other in alkaline metal levels

and are noticeably higher in calcium levels than their equivalent rayon

based precursors. Finally, the WCA which has the highest firing

temperature has the lowest alkaline metal content of all fabrics tested.

As a sidelight, it is estimated that if the rayon purity received by

HITCO and AMOCO were maintained and the fabrics fired without any further

purification during processing steps, the alkaline content would be

in the 3000-4000 ppm range.
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As an adjunct to the AA testing, the weight loss after 2 hours at 125°C

(257°F) showed the expected higher volatile loss for CCA-3 due to its

hydroscopic nature, and ash levels after 16-20 hours at 60°C (1,112°F)

were as expected.

I. pH

The pH was determined on duplicate fabric samples boiled in distilled
water for 20-30 minutes and allowing the solution to reach room

temperature prior to testing. Of particular note is the relative
consistency of the pH of WCAon page #20 and the pH levels of 10.00

of higher on samples #4-11, 4-12, and 4-13 of PWB-6fabric (page #23).

These three samplesof PWB-6were obtained from a different manufacturer's

lot from samples #4-1 through 4-10. Their pH reflects some process

variations at the point of manufacture. STACKPOLEFIBERSwas unable
to provide the required quantities of PWB-6from one manufacturing lot.

There is no verified explanation for the pH differences between PWB-6
and SWB-8.

III. SUMMARY

The fabric testing conducted on this contract verified the suspected

variability of spun PAN fabrics compared to their continuous rayon precursors

with equivalent weaves. The areas of high variations included areal weight,

variations, thread counts, breaking strengths, and TGA's. Some of the

variability of spun PAN fabrics can be tracked through to variations in

the physical properties of cured prepreg panels.



COMPARATIVE FABRIC DATA Page #8

NAS8-36298

FABRICS FOR CARBON/PHENOLIC PREPREGS

CCA-3

AS RECVD. 4 X 4

GRAND CARBON HYDROGEN NITROGEN 4 X 4 DRY INIT.

TOTAL ASSAY ASSAY ASSAY WEIGHT WEIGHT VOLS.

% % % grams grams %

ACETONE SPECIF.

CHANGE GRAVITY

% units

AVERAGE 96.85 0.140 0.836 2.962 2.799 5.50 -0.38 2.949

STD DEV 0.41 0.014 0.077 0.079 0.045 1.39 0.89 0.385

MINIMUM 95.97 0.113 0.600 2.826 2.697 2.01 -3.23 2.238

MAXIMUM 97.80 0.170 1.000 3.132 2.896 8.60 0.70 3.939

SWB-8

AS RECVD. 4 X 4

GRAND CARBON HYDROGEN NITROGEN 4 X 4 DRY INIT.

TOTAL ASSAY ASSAY ASSAY WEIGHT WEIGHT VOLS.

% % % grams grams %

ACETONE SPECIF.

CHANGE GRAVITY

% units

AVERAGE 99.63 0.007 0.120 3.262 3.249 0.41

STD DEV 0.19 0.007 0.053 0.264 0.263 0.04

MINIMUM 99.27 0.001 0.001 2.799 2.788 0.35

MAXIMUM 99.90 0.027 0.200 3.694 3.679 0.51

-0.15 1.892

0.09 0.229

-0.32 1.632

0.03 2.380

FABRICS FOR CARBON/CARBON PREPREGS

WCA

AS RECVD.

GRAND CARBON HYDROGEN NITROGEN 4 X 4

TOTAL ASSAY ASSAY ASSAY WEIGHT

% % % grams

AVERAGE 99.62 0.006 0.117 2.520

STD DEV 0.13 0.006 0.068 0.051

MINIMUM 99.40 0.001 0.037 2.441

MAXIMUM 99.87 0.023 0.333 2.602

4 X 4

DRY INIT.

WEIGHT VOLS.

grams %

2. 509 O. 42

O. 049 O. 11

2. 430 O. 27

2. 589 O. 60

ACETONE SPECIF.

CHANGE GRAVITY

% units

0.06 1.644

0.12 0.029

-0.11 1.610

0.29 1.719

PWB-6

AS RECVD. 4 X 4

GRAND CARBON HYDROGEN NITROGEN 4 X 4 DRY INIT.

TOTAL ASSAY ASSAY ASSAY WEIGHT WEIGHT VOLS.

% % % grams grams %

AVERAGE 99.86 0.006 0.088 2.433 2.419 0.59

STD DEV 0.04 0.005 0.036 0.181 0.181 0.15

MINIMUM 99.77 0.001 0.010 2.194 2.176 0.30

MAXIMUM 99.90 0.017 0.133 3.017 3.002 0.83

ACETONE SPECIF.

CHANGE GRAVITY

% units

-0.05 1.809

0. i0 0.028

-0.29 1.750

0.07 1.857
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NAS8-36298

FABRICS FOR CARBON/PHENOLIC PREPREGS

CCA-3

FILAMENT FILAMENT THREAD

GRAND DIAMETER DIAMETER COUNT

TOTAL WARP FILL WARP

microns microns ---per

THREAD BREAK BREAK #I TGA #2 TGA

COUNT STRENGTH STRENGTH TEMPERATURE @

FILL WARP FILL 50% WT. LOSS

inch--- Ibs. Ibs. 'C °C

AVERAGE 10.69 11.53 52.3

STD DEV 1.35 1.29 0.5

MINIMUM 6.65 9.05 51.2

MAXIMUM 16.00 15.65 53.2

49.0 34.4 25.5 676 588

0.5 3.5 6.6 24 8

47.4 28.7 13.7 644 576

50.0 44.3 45.7 701 608

SWB-8

FILAMENT FILAMENT

GRAND DIAMETER DIAMETER

TOTAL WARP FILL

microns microns

THREAD THREAD BREAK

COUNT COUNT STRENGTH

WARP FILL WARP

---per inch--- Ibs.

BREAK #I TGA #2 TGA

STRENGTH TEMPERATURE @

FILL 50% WT. LOSS

Ibs. °C °C

AVERAGE 9.63 10.25

STD DEV 0.95 1.70

MINIMUM 6.90 6.55

MAXIMUM 12.45 15.50

38.8 37.7 59.2 56.1 900 809

3.2 1.8 15.1 18.1 30 71

33.0 32.8 29.0 22.0 852 652

44.0 41.2 85.3 87.0 939 881

FABRICS FOR CARBON/CARBON PREPREGS

WCA

GRAND

TOTAL

FILAMENT FILAMENT THREAD

DIAMETER DIAMETER COUNT

WARP FILL WARP

microns microns ---per

THREAD BREAK

COUNT STRENGTH

FILL WARP

inch--- Ibs.

BREAK #1 TGA #2 TGA

STRENGTH TEMPERATURE @

FILL 50% WT. LOSS

Ibs. °C °C

AVERAGE 10.59 9.84 29.1

STD DEV 1.16 1.28 0.3

MINIMUM 8.00 7.10 29.0

MAXIMUM 15.55 13.50 30.0

21.9 48.5 19.2 946 870

0.4 10.3 7.0 7 10

21.0 31.7 8.7 935 855

23.0 72.3 33.7 955 888

PWB-6

FILAMENT FILAMENT

GRAND DIAMETER DIAMETER

TOTAL WARP FILL

microns microns
........................

THREAD THREAD BREAK BREAK #1 TGA #2 TGA

COUNT COUNT STRENGTH STRENGTH TEMPERATURE @

WARP FILL WARP FILL 50% WT. LOSS

---per inch--- Ibs. Ibs. "C °C
.............................

AVERAGE 9.19 9.47

STD DEV 0.82 0.88

MINIMUM 8.75 9.08

MAXIMUM 9.73 9.99

28.3 28.0 26.2 32.9 877 821

0.9 1.2 9.8 8.3 18 14

27.4 25.0 4.0 21.3 845 798

30.8 30.2 48.7 51.0 907 852
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NAS8-36298

FABRICS FOR CARBON/PHENOLIC PREPREGS

CCA-3 Z

ATOMIC

GRAND ABSORPTION

TOTAL Na K Ca Mg Li TOTAL

ppm ..............

125_C

WEIGHT

LOSS

%

600 °C

ASH

%

AVERAGE 601 38 7 56 0 702

STD DEV 207 8 2 15 0 211

MINIMUM 318 23 2 32 0 389

MAXIMUM 1027 52 12 96 0 I138

3. 958

2. 084

I. 625

7. 188

0.262

0.129

0.070

0.794

pH

units

8.19

O. 80

6. O0

10. O0

SWB-8

ATOMIC

GRAND ABSORPTION

TOTAL Na K Ca Mg Li TOTAL

ppm

AVERAGE 6 I 59 I 0 67

STD DEV 2 1 51 1 0 53

MINIMUM 3 0 13 0 0 20

MAXIMUM II 2 180 I 0 190

125°C

WEIGHT

LOSS

%

0.012

0.009

0.000

0.029

600 °C

ASH

%
pH

units

O. 047

O. 044

O. 005

O. 203

6. 55

1.01

4. 20

9. O0

FABRICS FOR CARBON/CARBON PREPREGS

WCA

GRAND

TOTAL NR K Ca

AVERAGE 13 0

STD DEV 2 0

MINIMUM 4 0

MAXIMUM 27 I

ATOMIC

ABSORPTION

Mg Li TOTAL

ppm ..............

7 I 0 21

I I 0 8

3 0 0 9

8 3 0 35

125°C

WEIGHT

LOSS

X

0.016

0.015

0.000

0.060

600

ASH

%

pH

units

0.013

0.007

0.000

0.030

6.41

0.13

6. 20

6.75

PWB-6

GRAND

TOTAL Na K

AVERAGE 4 2

STD DEV 2 1

MINIMUM 2 1

MAXIMUM 8 3

ATOMIC

ABSORPTION

Ca Mg Li TOTAL

ppm ..............

83 1 0 90

25 0 0 24

38 0 0 46

139 2 0 144

125°C

WEIGHT

LOSS

%

-0.010

0.037

-0.099

0.045

600°C

ASH

%

0.057

0.025

0.020

0.099

pH

units

8.44

0.92

7.45

I0. I0
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AVERAGE TEST RESULTS

NAS8-36298

AS RECVD. 4 X 4

NITROGEN 4 X 4 DRY INIT. ACETONE SPECIF.

ASSAY WEIGHT WEIGHT VOLS. CHANGE GRAVITY

% grams grams % % units

PTM-3A PTM-3A PTM-3A PTM-3A PTM-84

0.?00 2.914 2.729 6.36 -0.40 2.851

0.933 2.995 2.814 6.04 -0.18 3.292

0.933 2.979 2.815 5.51 -0.45 2.936

0.833 2.941 2.797 4.90 -0.39 2.710

0.833 2.856 2.697 5.57 -1.29 3.027

0.867 3.008 2.834 5.77 -0.63 2.754

0.867 2.940 2.787 5.19 -0.31 3.338

0.800 2.955 2.813 4.82 -0.25 2.970

0.867 2.891 2.7?5 4.02 -0.01 2.981

0.800 2.937 2.814 4.17 0.08 3.252

0.700 2.83? 2.754 2.92 0.52 2.396

0.800 2.958 2.813 4.90 0. II 2.352

0.867 2.852 2.795 2.01 0.24 2.757

0.800 2.966 2.827 4.67 -0.08 3.539

0.867 2.924 2.752 5.86 0.19 3.595

0.862 2.952 2.789 5.50 0.49 3.117

0.867 2.8?8 2.730 5.13 0.?0 3.939

1.000 2.864 2.727 4.78 0.57 2.745

0.933 2.925 2.785 4.76 0.29 2.878

0.862 2.941 2.794 5.00 0.30 2.948

0.900 2.905 2.770 4.64 -0.16 2.805

0.900 2.890 2.762 4.44 -0.29 3.360

0.800 2.867 2.756 3.87 -0.08 3.460

0.733 2.937 2.825 3.81 -0.05 3.390

0.833 2.826 2.712 3.85 -0.07 3.655

0.767 2.901 2.781 4.14 -0.05 3.213

0.733 3.113 2.845 8.60 -0.59 2.962

0.833 3.000 2.789 7.02 -1.86 2.639

0.800 3.046 2.841 6.74 -2.38 2.993

0.900 3.028 2.846 6.03 -3.23 2.564

0.867 3.058 2.842 7.04 -2.74 2.238

0.967 3.132 2.896 7.54 -1.84 2.730

0.900 3.084 2.834 8.12 -0.99 2.613

0.800 3.055 2.861 6.35 -0.16 2.698

0.833 3.033 2.823 6.93 -0.04 2.774

0.833 3.029 2.826 6.72 -0.19 2.977

0.867 2.984 2.790 6.51 -0.06 2.600

0.767 3.067 2.869 6.44 0.28 2.542

0.600 3.0?0 2.862 6.76 -0.01 2.944

0.800 2.962 2.773 6.40 -0.23 2.424

SAMPLE CARBON HYDROGEN

NUMBER _SSAY ASSAY

% %

METHOD ...... MDQAI 5560-

I-IS 97.13 0.123

1-1E 97.10 0.140

I-2S 97.37 0.143

1-2E 97.23 0.137

1-3S 97.80 0.127

I-3E 97.53 0.143

1-4S 97.47 0.123

I-4E 97.47 0.113

I-5S 97.03 0.117

1-5E 96.90 0.127

I-6S 97.20 0.117

I-6E 97.23 0.127

1-7S 97.13 0.133

1-7E 96.70 0.150

2-IS 97.00 0.143

2-1E 96.73 0.137

2-2S 96.?0 0.140

2-2E 96.67 0.143

2-3S 96.67 0.143

2-3E 96.67 0.143

2-4S 96.57 0.143

2-4E 96.47 0.150

2-5S 97.07 0.127

2-5E 97.23 0.123

2-6S 97.03 0.120

2-6E 96.60 0.140

3-IS 96.63 0.163

3-1E 96.93 0.170

3-2S 96.67 0.143

3-2E 96.62 0.140

3-3S 96.67 0.170

3-3E 97.10 0.150

3-4S 96.97 0.153

3-4E 96.27 0.153

3-5S 96.30 0.147

3-5E 96.17 0.147

3-6S 96.5? 0.150

3-6E 95.97 0.143

4-1 96.20 0.142

5-1 96.30 0.147

CCA-3

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

CARBON HYDROGEN NITROGEN

ASSAY ASSAY ASSAY

% % %

96.85 0.140 0.836

0.41 0.014 0.077

95.97 0.113 0.600

97.80 0.170 1.000

AS RECVD. 4 X 4

4 X 4 DRY INIT. ACETONE SPECIF.

WEIGHT WEIGHT VOLS. CHANGE GRAVITY

grams grams % % units

2.962 2.799 5.50 -0.38 2.949

0.079 0.045 1.39 0.89 0.385

2.826 2.69? 2.01 -3.23 2.238

3.132 2.896 8.60 0.70 3.939
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AVERAGE TEST RESULTS

NAS8-36298

FILAMENT FILAMENT

SAMPLE DIAMETER DIAMETER

NUMBER WARP FILL

microns microns

METHOD S.E.M. S.E.M.

1-IS 11.08 10.72

1-1E

I-2S I0. I0

I-2E

I-3S 10.50

I-3E

I-4S 10.44

I-4E

I-5S 11.34

I-5E

I-6S 10.20

I-6E

I-7S 10.23

I-7E

2-IS 9.87 10.26

2-1E

2-2S 10.31

2-2E

2-3S 10.13

2-3E

2-4S 10.27

2-4E

2-5S 10.60

2-5E

2-6S 10.52

2-6E

3-IS 10.82 12.73

3-1E

3-2S 11.08

3-2E

3-3S 10.76

3-3E

3-4S 11.14

3-4E

3-5S 10.48

3-5E

3-6S 12.38

3-6E

4-1 10.29 12.35

5-1 12.09 11.58

CCA-3 FILAMENT FILAMENT

THREAD THREAD BREAK

COUNT COUNT STRENGTH

WARP FILL WARP FILL

---per inch--- Ibs. Ibs.

PTM-5A PTM-5A ---ASTM D1682---

52.4 49.2 34.3 13.7

52.0 48.8 37.7 28.0

52.0 49.0 35.3 22.0

52.8 49.0 35.0 24.3

52.2 48.4 32.3 34.0

52.4 48.2 32.7 26.0

52.0 49.2 32.0 21.7

51.8 49.6 31.3 29.7

52.2 49.6 33.0 23.7

52.2 49.4 34.3 20.3

52.4 49.4 28.7 24.3

52.8 49.2 28.7 25.0

52.6 49.0 31.7 29.0

51.2 47.4 28.7 23.0

52.0 49.4 32.3 16.7

51.4 48.8 32.0 23.3

52.4 48.8 38.7 15.7

51.6 48.4 30.7 22.0

52.2 49.2 39.7 20.0

51.6 48.8 34.7 18.7

53.0 49.6 31.7 23.0

52.4 49.0 30.7 26.0

52.4 49.4 35.3 26.3

52.8 49.0 37.0 26.0

51.8 48.8 37.0 21.3

52.4 48.8 33.7 19.3

52.6 49.0 33.3 17.0

52.0 48.8 31.0 31.0

52.4 49.4 35.0 28.3

52.6 49.6 31.0 29.7

52.2 49.2 40.3 31.7

52.4 49.2 37.7 29.3

51.8 49.0 33.7 27.7

52.6 50.0 37.0 31.7

52.0 49.4 34.3 18.7

52.8 48.0 44.3 33.0

52.6 49.0 35.3 45.7

53.2 49.2 38.7 42.3

53.2 48.8 34.3 23.3

53.2 49.0 39.3 28.0

GRAND DIAMETER

TOTAL WARP

microns

AVERAGE 10.69

STD DEV 1.35

MINIMUM 6.65

MAXIMUM 16.00

BREAK #1 TGA #2 TGA

STRENGTH TEMPERATURE @

50% WT. LOSS

°C °C

CTM-51 CTM-51

673

576

696

584

701

581

608

583

698

6OO

697

579

696

583

577

600

588

589

603

597

694

581

699

581

699

585

647

593

647

590

644

585

587

651

585

652

588

649

586

592

THREAD THREAD BREAK

DIAMETER COUNT COUNT STRENGTH

FILL WARP FILL WARP

microns ---per inch--- Ibs.

11.53 52.3 49.0 34.4

1.29 0.5 0.5 3.5

9.05 51.2 47.4 28.7

15.65 53.2 50.0 44.3

BREAK #1 TGA #2 TGA

STRENGTH TEMPERATURE

FILL 50% WT. LOSS

Ibs. °C °C

25.5 676 588

6.6 24 8

13.7 644 576

45.7 701 608
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AVERAGE TEST RESULTS

NAS8-36298

SAMPLE

NUMBER Ne K

ATOMIC

ABSORPTION

Ca Mg

ppm

METHOD CTM-53B

l-iS 848 48 5 56

I-IE 888 52 4 62

i-2S 754 41 5 45

I-2E 652 33 4 72

1-3S 687 48 5 76

I-3E 737 44 8 62

I-4S 584 35 7 83

I-4E 579 33 6 56

I-5S 488 33 6 63

I-5E 512 43 4 54

I-6S 520 37 8 72

1-6E 544 34 4 45

I-7S 726 40 4 33

I-7E 788 38 7 32

2-IS 842 45 6 45

2-1E 1027 50 6 55

2-2S 956 45 8 70

2-2E 801 37 7 72

2-3S 844 36 6 50

2-3E 847 44 6 45

2-4S 811 43 8 56

2-4E 833 35 8 45

2-5S 524 36 8 84

2-5E 563 45 8 47

2-6S 423 45 9 61

2-6E 495 43 8 53

3-1S 395 40 11 40

3-1E 357 39 I0 58

3-2S 325 26 5 38

3-2E 318 30 5 36

3-3S 325 26 10 96

3-3E 375 29 9 52

3-4S 400 24 7 91

3-4E 382 35 8 40

3-5S 446 40 2 42

3-5E 333 34 ii 52

3-6S 395 23 12 60

3-6E 362 23 2 45

4-1 820 50 6 52

5-1 538 42 9 60

Li TOTAL

0 957

0 1006

0 845

0 761

0 816

0 851

0 709

0 674

0 590

0 613

0 637

0 627

0 803

0 865

0 938

0 1138

0 1079

0 917

0 936

0 942

0 918

0 921

0 652

0 663

0 538

0 599

0 486

0 464

0 394

0 389

0 457

0 465

0 522

0 465

0 530

0 430

0 490

0 432

0 928

0 649

125"C

WEIGHT

LOSS

%

CTM-53B

2.504

2.572

2.862

2.873

3.169

2.813

3.183

3.026

3.012

3.074

2.863

2.946

3.021

2.383

2.272

2.497

2.271

2.104

2.178

2.056

1.925

1.938

1.738

1.701

1.625

1.888

7.188

6.762

7.021

7.001

6.846

6.724

6.811

6.491

6.609

6.618

6.741

6.428

6.298

6.291

600"C

ASH

%

CTM-53B

0.379

0.380

0.794

0.273

0.283

0.289

0.209

0.239

0.225

0.233

0.224

0.243

0.312

0.285

0.370

0.408

0.398

0.357

0.351

0.377

0.382

0.328

0.209

0.242

0.276

0.242

0.115

0.095

0.089

0.114

0.135

0.210

0.155

0.234

0.222

0.109

0.105

0.070

0.312

0.195

CCA-3

GRAND

TOTAL Na

ATOMIC

ABSORPTION

K Ca Mg

ppm

AVERAGE 601 38 7 56

STD DEV 207 8 2 15

MINIMUM 318 23 2 32

MAXIMUM 1027 52 12 96

Li TOTAL

0 702

0 211

0 389

0 1138

125"C

WEIGHT

LOSS

%

3.958

2.084

1.625

7.188

600"C

ASH

%

0.262

0.129

0.070

0.794

pH

units

CTM-24B

8.45

8.35

8.00

8.00

8.45

7.60

8.10

8.25

8.40

8.40

9.30

9.25

9.20

8.70

8.00

8.20

10.00

9.80

9.10

9.05

8.95

8.95

8.45

8.55

7.90

7.80

7.45

7.20

7.70

7.85

7.30

7.15

8.25

8.30

7.60

7.55

6.00

7.50

7.70

6.90

pH

units

8.19

0.80

6.00

10.00
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AVERAGES AND STATISTICAL SUMMARYLOT

LOT

AVERAGE

LOT #1

LOT #2

LOT #3

LOT #4

CARBON HYDROGEN

_SSAY ASSAY

% %

97.24 0.130

96.78 0.138

96.58 0.153

96.20 0.147

LOT #5 96.

AVERAGE 96.85

STD DEV

COUNT

A BASIS

FACTOR

MINIMUM

MAXIMUM

0.41

40

30 0.147

0.140

0.014

4O

NAS8-36298

AS RECVD. 4 X 4

NITROGEN 4 X 4 DRY INIT.

ASSAY WEIGHT WEIGHT VOLS.

% grams grams %

0.829 2.931 2.790 4.78

0.861 2.901 2.766 4.65

0.842 3.052 2.838 7.00

0.600 3.070 2.862 6.76

0.800 2.962 2.773 6.40

ACETONE SPECIF.

CHANGE GRAVITY

% units

-0.22 2.940

0.15 3.259

-1.15 2.694

-0.01 2.944

-0.23 2.424

0.836 2.962 2.799 5.50 -0.38 2.949

0.077 0.079 0.045 1.39 0.89 0.385

40 40 40 40 40 40

2.941 2.941 2.941 2.941 2.941 2.941 2.941 2.941

95.63 0. I00 0.609 2.731 2.666 1.42 -2.99 1.817

98.07 0.180 1.063 3.194 2.931 9.58 2.23 4.081

FILAMENT

LOT DIAMETER

AVERAGE WARP

microns

LOT #1 10.55

LOT #2 10.28

LOT #3 11.11

LOT #4 10.29

LOT #5 12.09

AVERAGE 10.69

STD DEV 1.35

COUNT 21

A BASIS

FACTOR 3.263

MINIMUM 6.28

MAXIMUM 15.11

FILAMENT

DIAMETER

FILL

microns

10.72

10.26

12.73

12.35

11.58

11.53

1.29

5

THREAD THREAD BREAK #1 TGA #2 TGA

STRENGTH TEMPERATURE

FILL 50% WT. LOSS

Ibs. 'C *C

24.6 694 587

21.5 697 589

30.5 648 588

23.3 586

28.0 592

25.5 676 588

6.6 24 8

40 15 25

BREAK

COUNT COUNT STRENGTH

WARP FILL WARP

---per inch--- Ibs.

52. 2 49.0 32. 5

52. 2 49.0 34. 4

52. 4 49. 2 36. 0

53. 2 48.8 34. 3

53. 2 49.0 39. 3

52. 3 49. 0 34. 4

0.5 0.5 3.5

40 40 40

5.741 2.941 2.941 2.941 2.941 3.520 3.158

4.13 50.9 47.6 24.2 6.2 590 562

18.93 53.7 50.4 44.6 44.8 762 614

LOT

AVERAGE Na

LOT #1 665

LOT #2 747

LOT #3 368

LOT #4 820

LOT #5 538

ATOMIC

ABSORPTION

K Ca Mg Li TOTAL

ppm

40 6 58 0 768

42 7 57 0 853

31 8 54 0 460

50 6 52 0 928

42 9 60 0 649

AVERAGE 601

STD DEV 207

COUNT 40

A BASIS

FACTOR 2.941

MINIMUM -8

MAXIMUM 1210

38 7 56 0 702

8 2 15 0 211

40 40 40 40 40

2.941 2.941 2.941 2.941 2.941

16 0 11 0 81

61 14 102 0 1324

125"C

WEIGHT 600"C

LOSS ASH pH

X % units

2.879 0.312 8.46

2.016 0.328 8.73

6.770 0.138 7.49

6.298 0.312 7.70

6.291 0.195 6.90

3.958 0.262 8.19

2.084 0.129 0.80

40 40 40

2.941 2.941 2.941

-2.172 -0.119 5.83

10.088 0.642 10.55
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AVERAGE TEST RESULTS

NAS8-36298

SAMPLE

NUMBER

SWB-8

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

AS RECVD. 4 X 4

CARBON HYDROGEN NITROGEN 4 X 4 DRY INIT. ACETONE SPECIF.

-ASSAY ASSAY ASSAY WEIGHT WEIGHT VOLS. CHANGE GRAVITY

% % % grams grams % % units

METHOD MDQAI 5560 PTM-3A PTM-3A PTM-3A PTM-3A PTM-84

I-I 99.57 0.014 0.001 2.799 2.788 0.39 -0.14 1.800

2-1 99.27 0.027 0.173 3.326 3.312 0.41 -0.09 1.807

2-2 99.43 0.017 0.170 3.583 3.568 0.41 0.03 2.040

2-3 99.77 0.010 0.120 3.262 3.245 0.51 -0.06 2.041

2-4 99.60 0.013 0.100 3.592 3.577 0.43 -0.09 2.171

2-5 99.30 0.004 0.073 3.657 3.641 0.44 -0.08 2.380

2-6 99.80 0.017 0. I00 3.402 3.389 0.38 -0.10 2.164

2-7 99.63 0.001 0.080 3.694 3.679 0.40 -0.08 2.065

2-8 99.77 0.001 0.167 3.098 3.084 0.47 -0.11 2.191

2-9 99.80 0.001 0.200 3.121 3.109 0.38 -0.26 1.782

2-10 99.57 0.004 0.167 3.150 3.136 0.43 -0.09 1.733

2-11 99.60 0.004 0.100 3.434 3.421 0.37 -0.15 1.780

2-12 99.60 0.007 0.133 3.242 3.227 0.45 -0.21 1.632

2-13 99.90 0.001 0.073 3.018 3.005 0.43 -0.21 1.694

3-1 99.90 0.001 0.100 2.934 2.923 0.35 -0.22 1.728

4-1 99.87 0.001 0.070 3.060 3.049 0.38 -0.28 1.66G

4-2 99.57 0.004 0.200 2.969 2.957 0.42 -0.32 1.686

5-1 99.47 0.004 0.133 3.376 3.363 0.37 -0.24 1.692

AS RECVD. 4 X 4

CARBON HYDROGEN NITROGEN 4 X 4 DRY INIT.

ASSAY ASSAY ASSAY WEIGHT WEIGHT VOLS.

% % % grams grams %

99.63 0.007 0.120 3.262 3.249 0.41

0.19 0.007 0.053 0.264 0.263 0.04

99.27 0.001 0.001 2.799 2.788 0.35

99.90 0.027 0.200 3.694 3.679 0.51

ACETONE SPECIF.

CHANGE GRAVITY

% units

-0.15 1.892

0.09 0.229

-0.32 1.632

0.03 2.38C

LOT

AVERAGE

LOT #1

LOT #2

LOT #3

LOT #4

LOT #5

AVERAGE

STD DEV

COUNT

A BASIS

FACTOR

MINIMUM

MAXIMUM

CARBON

ASSAY

%

99.57

99.62

99.90

99.72

99.47

99.63

0.19

18

3.370

98.99

100.28

SWB-8 FABRIC

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

ACETONE SPECIF.

CHANGE GRAVITY

% units

-0.14 1.80C

-0.12 1.96C

-0.22 1.728

-0.30 1.673

-0.24 1.692

0.41 -0.15 1.892

0.04 0.09 0.229

18 18 18

AS RECVD. 4 X 4

HYDROGEN NITROGEN 4 X 4 DRY INIT.

ASSAY ASSAY WEIGHT WEIGHT VOLS.

% % grams grams %

0.014 0.001 2.799 2.788 0.39

0.008 0.127 3.352 3.338 0.42

0.001 0.100 2.934 2.923 0.35

0.003 0.135 3.015 3.003 0.40

0.004 0.133 3.376 3.363 0.37

0.007 0.120 3.262 3.249

0.007 0.053 0.264 0.263

18 18 18 18

3.370 3.370 3.370 3.370 3.370 3.370 3.37C

-0.018 -0.057 2.371 2.361 0.28 -0.46 1.121

0.032 0.297 4.153 4.136 0.55 0.16 2.66_
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AVERAGE TEST RESULTS

NAS8-36298

FILAMENT FILAMENT

SAMPLE DIAMETER DIAMETER

NUMBER -WARP FILL

microns microns

METHOD S.E.M. S.E.M.

1-1 9.86 9.99

2-1 9.12 I0.00

2-2 9.60

2-3 9.64

2-4 9.58

2-5 10.03

2-6 9.36

2-7 9.65

2-8 9.28

2-9 9.74

2-10 9.85

2-11 9.55

2-12 9.18

2-13 I0. II

3-1 9.79 10.83

4-i 9.55 10.03

4-2 9.34

5-1 10.17 10.43

SWB-8 FILAMENT

GRAND DIAMETER

TOTAL WARP

microns

AVERAGE 9.63

STD DEV 0.95

MINIMUM 6.90

MAXIMUM 12.45

THREAD THREAD BREAK BREAK #I TGA #2 TGA

COUNT COUNT STRENGTH STRENGTH TEMPERATURE i

WARP FILL WARP FILL 50% WT. LOSS

---per inch--- Ibs. lbs. "C °C

PTM-5A PTM-5A ---ASTM D1682--- CTM-51 CTM-51

36.4 32.8 55.7 49.3 903

40.8 38.0 63.7 74.0 867

44.0 38.0 48.7 63.3 939

40.2 35.6 72.3 71.0 881

43.6 38.6 53.7 74.7 926

42.6 38.2 62.7 50.7 934

40.0 37.4 64.7 60.0 834

38.6 38.8 74.3 59.0 913

35.8 38.6 29.0 22.0 825

40.6 37.4 42.0 51.3 879

35.2 38.4 39.3 50.3 833

39.4 41.2 64.7 83.7 876

41.2 39.0 85.3 58.7 782

34.4 38.8 43.3 50.3 905

35.0 36.8 77.0 26.7 794

37.4 38.6 71.3 46.7 869

33.0 35.2 70.3 31.0 652

39.6 36.4 48.0 87.0 852

FILAMENT THREAD THREAD BREAK BREAK #1 TGA #2 TGA

DIAMETER COUNT COUNT STRENGTH STRENGTH TEMPERATURE

FILL WARP FILL WARP FILL 50% WT. LOSS

microns ---per inch--- ibs. Ibs. C C

10.25 38.8 37.7 59.2 56.1 900 809

1.70 3.2 1.8 15.1 18.1 30 71

6.55 33.0 32.8 29.0 22.0 852 652

15.50 44.0 41.2 85.3 87.0 939 881

FILAMENT

LOT DIAMETER

AVERAGE WARP

microns

LOT #I 9.86

LOT #2 9.59

LOT #3 9.79

LOT #4 9.44

LOT #5 10.17

AVERAGE 9.63

STD DEV 0.95

COUNT 18

A BASIS

FACTOR 3.370

MINIMUM 6.42

MAXIMUM 12.84

SWB-8 FABRIC

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

FILAMENT THREAD THREAD BREAK BREAK #1 TGA #2 TGA

DIAMETER COUNT COUNT STRENGTH STRENGTH TEMPERATURE I

10.25 38.8 37.7 59.2 56.1 900 809

1.70 3.2 1.8 15.1 18.1 30 71

5 18 18 18 18 I0 8

5.741 3.370 3.370 3.370 3.370 3.981 4.354

0.50 27.8 31.5 8.2 -5.1 782 498

20.01 49.7 43.8 110.3 117.2 1017 1119

FILL WARP FILL WARP FILL 50% WT. LOSS

microns ---per inch--- lbs. Ibs. "C 'C

9.99 36.4 32.8 55.7 49.3 903

10.00 39.7 38.3 57.2 59.2 910 837

10.83 35.0 36.8 77.0 26.7 794

10.03 35.2 36.9 70.8 38.8 869 652

10.43 39.6 36.4 48.0 87.0 852
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SAMPLE

NUMBER

METHOD

I-I

2-1

2-2

2-3

2-4

2-5

2-6

2-7

2-8

2-9

2-i0

2-11

2-12

2-13

3-I

4-I

4-2

5-I

AVERAGE TEST RESULTS

NAS8-36298

Na K

ATOMIC

ABSORPTION

Ca Mg

ppm
CTM-53B

7 0 90 0

3 1 31 0

4 1 32 0

6 1 16 I

3 2 25 0

5 2 16 1

6 1 13 1

4 1 15 0

9 1 77 1

11 1 101 I

7 I 62 0

6 1 54 0

4 1 29 0

4 1 30 1

7 2 146 0

5 2 17 1

8 1 180 1

11 1 130 1

125°C

WEIGHT

Li TOTAL LOSS

CTM-53B

0 97 0.029

0 35 0.020

0 37 0.025

0 24 0.020

0 30 0.015

0 24 0.005

0 21 0.015

0 20 0.005

0 88 0.000

0 114 0.010

0 70 0.015

0 61 0.010

0 34 0.005

0 36 0.005

0 155 0.000

0 25 0.010

0 190 0.025

0 143 0.000

600°C

ASH

%

CTM-53B

0.059

0.020

0.035

0.020

0.020

0.010

0.035

0.030

0.080

0.059

0.070

0.055

0.005

0.029

0.030

0.025

0.203

0.065

pH
unite

CTM -24E

7. 4(

6.4 =.

4.2[

6.1. =

6.1 =.

6.2C

6.4C

6. OC

6.4C

6.9 =.

6. 2C

6. 5 =.

6. OC

6.8.'-
9. O(

6.3(

8.4(

6.2."

SWB-8

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

ATOMIC

ABSORPTION

Ka K Ca Mg

ppm--
6 1 59 1

2 I 51 I

3 0 13 0

II 2 180 I

125"C

WEIGHT 600"C

L£ TOTAL LOSS ASH pH

% % unitl

0 67 0.012 0.047 6.55

0 53 0.009 0.044 1.01

0 20 0.000 0.005 4.2C

0 190 0.029 0.203 9.0G

SWB-8 FABRIC

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

LOT

AVERAGE Na K

LOT #1

LOT #2

LOT #3

LOT #4

LOT #5

AVERAGE

STD DEV

COUNT

A BASIS

FACTOR 3.370

MINIMUM -2

MAXIMUM 14

7 0

6 I

7 2

7 2

II I

6 1

2 1
18 18

ATOMIC

ABSORPTION

Ca Mg

ppm
90 0

39 0

146

99

130

59

51

18

Li TOTAL

0 97

0 46

0 0 155

i 0 108

1 0 143

125"C

WEIGHT

LOSS

%

0.029

0.011

0.000

0.017

0.000

600°C

ASH

%

0.059

0.036

0.030

0.114

0.065

pH
units

7.4C

6.19

9.00

7.35

6.25

I 0 67 0.012 0.047 6.55

i 0 53 0.009 0.044 1.01

18 18 18 18 18 18

3.370

-0.019

0.043

3.370

-0.103

0.197

3.370 3.370 3.370 3.370 3.370

-I -113 -I 0 -111

3 231 2 0 245

3. 37C

3.15

9. 95



SAMPLE

NUMBER

METHOD

I-IS

I-IE

I-2S

1-2E

2-IS

2-1E

2-2S

2-2E

2-3S

2-3E

3-1S

3-1E

4-1S

4-1E

4-2S

4-2E

5-1

WCA

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

WCA FABRIC TEST DATA Page #18

AVERAGE TEST RESULTS

NAS8-36298

CARBON HYDROGEN

ASSAY ASSAY

% %

MDQAI 5560

99.53 0.004

99.87 0.001

99.83 0.001

99.73 0.001

99.60 0.023

99.47 0.017

99.73 0.013

99.60 0.007

99.57 0.001

99.57 0.007

99.57 0.004

99.67 0.007

99.40 0.004

99.67 0.007

99.67 0.001

99.43 0.001

99.67 0.001

AS RECVD. 4 X 4

NITROGEN 4 X 4 DRY INIT. ACETONE SPECIF.

ASSAY WEIGHT WEIGHT VOLS. CHANGE GRAVITY

% grams grams % % units

PTM-3A PTM-3A PTM-3A PTM-3A PTM-84

0.123 2.555 2.545 0.38 0.21 1.617

0.077 2.544 2.533 0.43 0.24 1.666

0.133 2.512 2.498 0.53 0.28 1.631

0.100 2.562 2.549 0.51 0.29 1.719

0.100 2.444 2.434 0.40 0.14 1.622

0.167 2.532 2.524 0.33 0.07 1.669

0.100 2.479 2.471 0.34 0.01 1.637

0.137 2.452 2.445 0.30 0.01 1.640

0.043 2.554 2.547 0.27 0.00 1.634

0.040 2.471 2.464 0.28 0.00 1.610

0.083 2.486 2.479 0.28 0.01 1.663

0.037 2.494 2.484 0.39 0.01 1.634

0.333 2.441 2.430 0.45 0.00 1.611

0.167 2.602 2.589 0.50 -0.06 1.643

0. I00 2.579 2.565 0.54 -0.04 1.639

0.110 2.567 2.552 0.58 -0. II 1.618

0.133 2.558 2.543 0.60 -0.04 1.687

CARBON

ASSAY ASSAY

% %

99.62 0.006

0.13 0.006

99.40 0.001

99.87 0.023

AS RECVD. 4 X 4

4 X 4 DRY INIT. ACETONE SPECIF.

ASSAY WEIGHT WEIGHT VOLS. CHANGE GRAVITY

% grams grams % % units

0.117 2.520 2.509 0.42 0.06 1.644

0.068 0.051 0.049 0.11 0.12 0.029

0.037 2.441 2.430 0.27 -0.11 1.610

0.333 2.602 2.589 0.60 0.29 1.719

HYDROGEN NITROGEN

LOT

AVERAGE

LOT #1H

LOT #2H

LOT #4H

LOT #2K

LOT #4K

AVERAGE

STD DEV

COUNT

A BASIS

FACTOR

MINIMUM

MAXIMUM

WCA FABRIC

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

AS RECVD. 4 X 4

CARBON HYDROGEN NITROGEN 4 X 4 DRY INIT. ACETONE SPECIF.

ASSAY ASSAY ASSAY WEIGHT WEIGHT VOLS. CHANGE GRAVITY

% % _ grams grams % % units

99.74 0.002 0.111 2.537 2.525 0.45 0.24 1.638

99.53 0.020 0.133 2.488 2.479 0.36 0. I0 1.646

99.53 0.006 0.250 2.522 2.510 0.47 -0.03 1.622

99.62 0.007 0.080 2.489 2.482 0.30 0.01 1.630

99.55 0.001 0.105 2.573 2.559 0.56 -0.07 1.628

99.62 0.006 0. I17 2.520 2.509 0.42 0.06 1.644

0.13 0.006 0.068 0.051 0.049 0.11 0.12 0.029

17 17 17 17 17 17 17 17

3.414 3.414 3.414 3.414 3.414 3.414 3.414 3.414

99.18 -0.016 -0.116 2.346 2.341 0.04 -0.36 1.544

I00.06 0.028 0.350 2.693 2.677 0.79 0.48 1.743
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AVERAGE TEST RESULTS

NAS8-36298

FILAMENT FILAMENT THREAD

SAMPLE DIAMETER DIAMETER COUNT

NUMBER _ARP FILL

microns microns

METHOD S.E.M. S.E.M.

I-1S 10.88 10.07

I-IE 11.54

1-2S 11.77

I-2E 11.72

2-IS 10.28 10.48

2-1E

2-2S

2-2E

2-3S

2-3E

3-IS

3-1E

4-IS

4-1E

4-2S

4 -2E

10.63

10.92

10.15

10.72

10.27

9.33

10.19

10.46

10.12

10.67

10.18

9. 36

9.21

5-1 10.30 10.11

WCA FILAMENT FILAMENT

GRAND DIAMETER DIAMETER

TOTAL WARP FILL

microns microns

AVERAGE 10.59 9.84

STD DEV 1.16 1.28

MINIMUM 8.00 7.10

MAXIMUM 15.55 13.50

THREAD BREAK BREAK #1TGA #2 TGA

COUNT STRENGTH STRENGTH TEMPERATURE

WARP FILL WARP FILL 50% WT. LOSS

---per inch--- Ibs. Ibs. °C #C

PTM-5A PTM-5A ---ASTM D1682--- CTM-51 CTM-51

30.0 23.0 55.3 14.3 935

29.0 22.0 42.3 9.3 855

29.0 22.0 43.3 13.7 936

29.0 22.0 72.3 23.3 859

29.2 22.0 54.3 33.7 943

29.0 22.0 49.3 19.0 868

29.2 21.0 51.0 23.7 944

29.0 22.0 61.0 23.0 876

29.4 22.0 45.7 23.7 950

29.0 21.0 52.3 19.3 876

29.0 22.0 52.3 18.0 951

29.0 22.0 46.7 24.3 949

29.0 22.0 55.7 29.0 868

29.0 22.0 31.7 I0.0 954

29.0 22.0 33.3 12.7 868

29.0 22.0 43.7 20.0 955

29.0 22.0 34.3 8.7 888

THREAD THREAD BREAK

COUNT COUNT STRENGTH

WARP FILL WARP

---per inch--- Ibs.

29.1 21.9 48.5

0.3 0.4 10.3

29.0 21.0 31.7

30.0 23.0 72.3

BREAK #1 TGA #2 TGA

STRENGTH TEMPERATURE

FILL 50% WT. LOSS

ibs. °C °C

19.2 946 87C

7.0 7 lC

8.7 935 855

33.7 955 888

WCA FABRIC

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

FILAMENT FILAMENT THREAD

LOT DIAMETER DIAMETER COUNT

AVERAGE WARP

microns

LOT #IH 11.40

LOT #2H 10.45

LOT #4H 10.29

LOT #2K 10.51

LOT #4K 10.42

THREAD BREAK

COUNT STRENGTH

FILL WARP FILL WARP

microns ---per inch--- ibs.

10.07 29.3 22.3 47.0

10.48 29.1 22.0 51.8

9.21 29.0 22.0 43.7

-- 29.2 21.5 52.5

-- 29.0 22.0 38.5

BREAK #1 TGA #2 TGA

STRENGTH TEMPERATURE

FILL 50% WT. LOSS

Ibs. °C °C

12.4 936 855

26.3 943 86C

19.5 954 86E

22.4 947 87E

16.3 955 86E

AVERAGE 10.59

STD DEV 1.16

COUNT 17

A BASIS

FACTOR 3.414

MINIMUM 6.64

MAXIMUM 14.55

9.84 29.1 21.9 48.5

1.28 0.3 0.4 10.3

5 17 17 17

19. 2 946 87C

7.0 7 lC

17 9

5.741 3.414 3.414 3.414 3.414 4.143 4.354

2.49 28.2 20.5 13.3 -4.9 916 825

17.19 30.0 23.4 83.8 43.2 977 91_
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SAMPLE

NUMBER 2

METHOD

I-IS

I-IE

1-2S

I-2E

2-IS

2-1E

2-2S

2-2E

2-3S

2-3E

3-IS

3-1E

4-IS

4-1E

4-2S

4-2E

5-1

AVERAGE TEST RESULTS

NAS8-36298

ATOMIC 125°C

ABSORPTION WEIGHT

Na K Ca Mg Li TOTAL LOSS

ppm %

CTM-53B CTM-53B

18 1 8 1 0 28 0.025

23 0 8 0 0 31 0.015

6 0 7 1 0 14 0.010

25 I 7 1 0 34 0.035

27 0 8 0 0 35 0.025

19 0 8 0 0 27 0.015

5 1 7 1 0 14 0.015

12 0 8 1 0 21 0.005

11 0 7 0 0 18 0.060

15 1 7 0 0 23 0.010

10 0 6 2 0 18 0.000

9 0 6 3 0 18 0.030

10 0 6 3 0 19 0.000

9 0 5 2 0 16 0.015

5 0 4 3 0 12 0.005

6 0 6 2 0 14 0.005

4 0 3 2 0 9 0.005

600eC

ASH

%

CTM-53B

0.010

0.020

0.020

0.010

0.010

0.030

0.000

0.015

0.015

0.020

0.005

0.015

0.010

0.010

0.010

0.010

0.010

pH

units

CTM-24B

6. 50

6. 35

6.6C

6. 5C

6. 3C

6.75

6. 35

6. 5C

6.40

6. 35

6.40

6.40

6.30

6. 4C

6.2C

6.3. =

6. 4C

WCA

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

ATOMIC 125eC

ABSORPTION WEIGHT

Ns K Ca Mg Li TOTAL LOSS

ppm %

13 0 7 I 0 21 0.016

2 0 1 1 0 8 0.015

4 0 3 0 0 9 0.000

27 1 8 3 0 35 0.060

600°C

ASH

%

0.013

0.007

0.000

0.030

pH

units

6.41

0.13

6.20

6. 75

WCA FABRIC

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

LOT

AVERAGE

LOT #1H

LOT #2H

LOT #4H

LOT #2K

LOT #4K

ATOMIC 125°C

ABSORPTION WEIGHT 600"C

Na K Ca Mg Li TOTAL LOSS ASH pH

ppm % % units

16 0 8 1 0 24 0.017 0.017 6.4E

23 0 8 0 0 31 0.020 0.020 6.5_

i0 0 6 3 0 18 0.007 0.010 6.3_

11 I 7 1 0 19 0.023 0.012 6.4C

6 0 5 3 0 13 0.005 0.010 6.2E

AVERAGE 13 0

STD DEV 2 0

COUNT 17 17

A BASIS

FACTOR 3.414 3.414

MINIMUM 6 -1

MAXIMUM 19 2

7 1 0 21

1 1 0 8

17 17 17 17

3.414 3.414 3.414 3.414

1.54 -2 0 -6.1

11.5 5 0 47.4

0.016 0.013 6.41

0.015 0.007 0.15

17 17 17

3.414 3.414 3.414

-0.036 -0.011 5.9e

0.068 0.036 6.84
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PWB-6 FABRIC TEST DATA

AVERAGE TEST RESULTS

NAS8-36298

SAMPLE

NUMBER

METHOD

I-i

2-14

3-1

3-2

4-1

4-2

4-3

4-4

4-5

4-6

4-7

4-8

4-9

4-10

4-11

4-12

4-13

5-I

5-2

2R-I

AS RECVD. 4 X 4

CARBON HYDROGEN NITROGEN 4 X 4 DRY

ASSAY ASSAY ASSAY WEIGHT WEIGHT

% % % grams grams
MDQAI 5560 PTM-3A PTM-3A

99.83 0.004 0.133 2.310 2.303

99.80 O. OlO 0.103 2.404 2.389

99.83 0.004 0.070 2.524 2.511

99.90 0.007 0.100 3.017 3.002

99.90 0.004 0. I00 2.575 2.559

99.80 0.004 0.010 2.194 2.176

99.83 0.004 0.133 2.447 2.428

99.90 0.007 0. I00 2.438 2.419

99.90 0.004 0.100 2.504 2.486

99.87 0.007 O. I00 2.299 2.280

99.83 0.001 0.100 2.242 2.234

99.83 0.001 0.100 2.334 2.322

99.90 0.004 0.100 2.300 2.289

99.77 0.001 0.023 2.514 2.501

99.90 0.010 0.040 2.406 2.391

99.90 0.007 0.040 2.414 2.398

99.83 0.017 0.133 2.577 2.562

99.80 0.001 0.103 2.334 2.320

99.90 0.004 0.100 2.247 2.232

99.87 0.017 0.010 2.580 2.570

INIT. ACETONE SPECIF.

VOLS. CHANGE GRAVITY

% % units

PTM-3A PTM-3A PTM-84

0.30 0.01 1.832

0.62 -0.01 1.817

0.53 -0.03 1.750

0.52 -0.01 1.857

0.61 -0.09 1.831

0.79 -0.09 1.806

0.76 -0.11 1.761

0.78 -0.16 1.779

0.75 -0.21 1.832

0.83 -0.29 1.835

0.34 -0.08 1.834

0.49 0.07 1.787

0.48 0.04 1.789

0.54 0.05 1.790

0.62 0.06 1.809

0.68 -0.03 1.802

0.60 -0.04 1.840

0.60 -0.01 1.835

0.65 -0.15 1.805

0.37 0.03 1.783

PWB-6

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

AS RECVD. 4 X 4

CARBON HYDROGEN NITROGEN 4 X 4 DRY INIT. ACETONE SPECIF.

ASSAY ASSAY ASSAY WEIGHT WEIGHT VOLS. CHANGE GRAVITY

% % X grams grams % % units

99.86 0.006 0.088 2.433 2.419 0.59 -0.05 1.809

0.04 0.005 0.036 0.181 0.181 0.15 0. I0 0.028

99.77 0. O01 0.010 2.194 2.176 0.30 -0.29 1.750

99.90 0.017 0.133 3.017 3.002 0.83 0.07 1.857
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PWB-6 FABRIC TEST DATA

AVERAGE TEST RESULTS

NAS8-36298

FILAMENT

SAMPLE DIAMETER

NUMBER WARP

FILAMENT THREAD THREAD BREAK

DIAMETER COUNT COUNT STRENGTH

FILL WARP FILL

microns microns ---per Inch---

METHOD S.E.M. S.E.M. PTM-5A PTM-5A

I-I 9.25 9.91 28.6 25.0

2-14 9.14 28.0 29.2

3-1 8.93 9.08 30.8 28.4

3-2 9.48 29.4 30.2

4-1 8.75 9.10 29.2 28.2

4-2 9.59 27.8 27.6

4-3 9.47 28.4 28.6

4-4 9.40 27.4 27.8

4-5 8.79 29.4 28.0

4-6 9.15 27.4 27.0

4-7 9.26 27.6 27.0

4-8 9.14 27.8 28.0

4-9 9.03 28.2 28.0

4-10 9.10 28.0 28.6

4-11 9.06 27.4 27.8

4-12 9.28 27.4 27.6

4-13 9.04 28.6 29.4

5-1 8.90 9.31 28.6 26.4

5-2 9.42 28.6 26.6

2R-I 9.73 9.99 27.8 30.0

PWB-6 FILAMENT

GRAND DIAMETER

TOTAL WARP

microns

AVERAGE 9.19

STD DEV 0.82

MINIMUM 8.75

MAXIMUM 9.73

BREAK #1 TGA #2 TGA

STRENGTH TEMPERATURE @

WARP FILL 50% WT. LOSS

ibs. Ibs. °C °C

---ASTM D1682--- CTM-51 CTM-51

48.7 46.3 873

25.0 40.3 828

32.7 25.3 907

26.3 26.3 809

31.0 27.0 876

24.7 36.3 815

25.0 25.3 886

27.7 34.7 828

29.0 22.3 878

23.0 21.3 828

34.0 27.3 856

35.7 25.7 816

25.0 33.3 876

28.0 34.3 819

19.3 33.0 845

20.3 46.0 798

4.0 38.0 874

29.7 31.7 900

30.0 32.0 852

4.7 51.0 820

FILAMENT THREAD THREAD BREAK

DIAMETER COUNT COUNT STRENGTH

FILL WARP FILL WARP

microns ---per inch--- Ibs.

9. 47 28. 3 28.0 26. 2

0.88 0.9 1.2 9.8

9. 08 27. 4 25.0 4.0

9.99 30.8 30.2 48.7

BREAK #I TGA #2 TGA

STRENGTH TEMPERATURE @

FILL 50% WT. LOSS

ibs. °0 °C

32.9 877 821

8.3 18 14

21.3 845 798

51.0 907 852
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SAMPLE
NUMBER

METHOD
I-1
2-14
3-1
3-2
4-1
4-2
4-3
4-4
4-5
4-6
4-7
4-8
4-9
4-10
4-11
4-12
4-13
5-1
5-2
2R-I

PWB-_ FABRIC TEST DATA

AVERAGE TEST RESULTS

NAS8-36298

Ha

ATOMIC 125°C

ABSORPTION WEIGHT 600°C

K Ca Mg Li TOTAL LOSS ASH

ppm % X

CTM-53B CTM-53B CTM-53B

3 95 2 0 108 0.005 0.087

1 104 1 0 108 -0.099 0.099

1 95 1 0 103 0.034 0.075

I 139 1 0 144 0.010 0.097

2 69 1 0 75 -0.044 0.039

2 80 1 0 88 -0.015 0.029

2 64 1 0 69 -0.015 0.020

3 55 0 0 62 -0.029 0.059

3 61 1 0 71 0.015 0.040

2 88 0 0 94 -0.005 0.062

2 92 0 0 96 -0.099 0.025

2 105 I 0 112 -0.025 0.080

2 80 1 0 85 0.010 0.041

2 89 1 0 94 -0.010 0.067

1 I00 1 0 105 0.010 0.054

1 117 1 0 123 0.015 0.068

2 77 I 0 84 -0.005 0.063

3 38 I 0 46 0.005 0.025

2 38 1 0 46 -0.005 0.025

2 81 I 0 88 0.045 0.078

8

2

6

3

3

5

2

4

6

4

2

4

2

2

3

4

4

4

5

4

pH

units

CTM-24B

9.30

8.75

9.35

8.40

7.55

7.45

7.80

7.80

7.85

7.75

7.80

7.90

7.60

7.60

I0.00

10.10

10.05

8.40

7.90

9.35

PWB-6

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

Ha

4

2

2

8

ATOMIC 125#C

ABSORPTION WEIGHT 600#C

K Ca Mg Li TOTAL LOSS ASH

CTM-53B ....... % %

2 83 1 0 90 -0.010 0.057

1 25 0 0 24 0.037 0.025

1 38 0 0 46 -0.099 0.020

3 139 2 0 144 0.045 0.099

pH

units

8.44

0.92

7.45

10.10
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LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

AS RECVD, 4 X 4

LOT CARBON HYDROGEN NITROGEN 4 X 4 DRY INIT.

AVERAGE _A_SSAY ASSAY ASSAY WEIGHT WEIGHT VOLS.

% % % grams grams %
LOT #I 99.83 0.004 0.133 2,310 2,303 0.30

LOT #2 99.80 0.010 0. I03 2.404 2.389 0.62

LOT #3 99.87 0.006 0.085 2.771 2.756 0.52

LOT #4 99.86 0.006 0.087 2.403 2.388 0.64

LOT #5 99.85 0,003 0.102 2.291 2,276 0,63

LOT #2R 99.87 0.017 0.010 2.580 2.570 0.37

AVERAGE 99.86 0.006 0.088 2.433 2.419 0.59

STD DEV 0.04 0.005 0.036 0.181 0.181 0.15

COUNT 20 20 20 20 20 20
A BASIS

FACTOR 3.295 3.295 3.295 3.295 3.295 3.295

MINIMUM 99.71 -0.009 -0.033 1.836 1.823 0. I0

MAXIMUM I00.00 0.021 0.208 3.031 3.014 1.09

ACETONE SPECIF.

CHANGE GRAVITY

% units

0.01 1.832

-0.01 1.817

-0.02 1.804

-0.07 1.807

-0.08 1.820

0.03 1.783

-0.05 1.809

0. I0 0.028

20 20

3.295 3.295

-0.37 1.715

0.26 1.903

FILAMENT FILAMENT

LOT DIAMETER DIAMETER

AVERAGE WARP FILL

microns microns

LOT #i 9.25 9.91

LOT #2 9.14

LOT #3 9.20 9.08

LOT #4 9.16 9.10

LOT #5 9.16 9.31

LOT #2R 9.73 9.99

THREAD

COUNT

WARP FILL

---per inch---
28.6 25.0

28.0 29.2

30.1 29.3

28.0 28.0

28.6 26.5

27.8 30.0

THREAD BREAK BREAK

COUNT STRENGTH STRENGTH

#I TGA #2 TGA

TEMPERATURE @

WARP FILL 50% WT. LOSS

Ibs. Ibs. °C °C

48.7 46.3 873

25.0 40.3 828

29.5 25.8 907 809

25.1 31.1 870 817

29.8 31.8 900 852

4.7 51.0 820

AVERAGE 9.

STD DEV O.

COUNT

A BASIS

FACTOR

MINIMUM

MAXIMUM

19 9. 47 28.3

82 O. 88 O. 9

20 5 20

28.0 26.2 32.9 877 821

1.2 9.8 8.3 18 14

20 20 20 10 10

3.295 5.741 3.295

6.49 4.44 25.4

11.89 14.51 31.2

3.295 3.295 3.295 3.981 3.981

23.9 -6.0 5.6 804 764

32.0 58.4 60.2 950 878

ATOMIC

LOT ABSORPTION

AVERAGE Na K Ca Mg

ppm
LOT #1 8 3 95 2

LOT #2 2 I 104 1

LOT #3 5 1 117 1

LOT #4 3 2 83 I

LOT #5 5 3 38 1

LOT #2R 4 2 81 1

_25
WEIGHT 600

Li TOTAL LOSS ASH pH

X X units

0 108 0.005 0.087 9.30

0 108 -0.099 0.099 8.75

0 124 0.022 0.086 8.88

0 89 -0.015 0.050 8.25

0 46 0.000 0.025 8.15

0 88 0.045 0.078 9.35

AVERAGE 4 2 83 1

STD DEV 2 i 25 0

COUNT 20 20 20 20

A BASIS

FACTOR 3.295 3.295 3.295 3.295

MINIMUM -I 0 1 -I

MAXIMUM 9 4 166 2

0 90 -0.010 0.057 8.44

0 24 0.037 0.025 0.92

20 20 20 20 20

3.295

0

0

3.295 3.295 3.295 3.295

10 -0.131 -0.026 5.40

171 0.111 0.139 11.47
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UNCURED PREPREG TESTING

COMMENTS AND OBSERVATION

NAS8-36298

I. SAMPLING PLAN

For the rayon based fabrics, the resultant prepregs, FM 5055B and FM 5064J,

had 1½ yards samples taken from the start and end of each nominal 100-1b.

prepreg roll. The process control tests (i.e., dry resin content, volatile

content, tack and wet flow measurements) were conducted for operational

adjustments of the treater. Subsequent testing was conducted on the balance

of the same sample. The spun PAN fabrics, FM 5834 and FM 5839 were run

to nominal 40-pound prepreg rolls and sampled only at the start of each

roll. Where shipment to fabricators was not required, test lots were divided

into two equal rolls and both rolls were treated as individual samples.

The first production for Lot #2 of FM 5839, Lot D-09281 was high in resin

content (42%) versus a desired range of 32% to 37%, and the lot was

redesignated Lot #2R. Testing of both uncured prepreg and cured panels

for Lot #2R was completed, but not included in any of the statistical averages

since the excessive resin pick-up would distort the FM 5839 summaries.

Lot #2R data has been included below the listing of averages to indicate

where and to what degree the higher resin content would effect the test

results.

For FM 5064J, both of the fabricators, HITCO and KAISER, have individual

specifications for volatile level and wet resin flow. KAISER specifies

a wet resin flow tested at 1000 psi pressure with a flow range of 8-18%

and a volatile level of 3.5% max. HITCO specifies a wet resin flow of 15%

max tested at 150 psi pressure and allows volatile levels up to 5%. These
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specifications are met by modifying treater operating parameters to provide

a drier, more advanced prepreg for KAISER. All FM 5064J lots were averaged

for comparative purposes but separate averages were reported on pages #19

through #21. Since several lots, HITCOLot #2 and #3 and KAISERLot #1
and #3, contained only 1 prepreg sample, lot averages for large lots (more

than 1 sample) have been calculated on page #22. With the exception of
flow and volatile contents, the data indicate there were no other significant

variations due to the treater operating conditions. Comparative prepreg

data is summarized on pages #9 through #11, and individual prepreg data

is listed per prepreg type on pages #12 through #25.

II. TEST METHODS AND OBSERVATIONS

A. Soxhlet Extractions

-....r.

The resin was extracted from the prepreg in a paper thimble by the use

of ethyl alcohol under reflux for minimum of 4 hours. By using the

volatile content of the sample and a difference in weight of the dried

thimble before and after extraction, the resin content was determined.

Since the filler content of the resin mix used on the treater was known,

the filler content of the prepreg was calculated; and the cloth content

determined by a material balance. The spun PAN prepregs, FM 5834 and

FM 5839, show roughly 2-3 times the amount of variation in resin content

than the rayon fabrics since the resin metering system which was used

is partially dependent on the uniformity of the raw fabric. Other than

FM 5839 Lot #2R which was out of the acceptable range of Soxhlet resin

content (page #23), and FM 5834 Lot #5 and FM 5839 Lot #3 which were

both slightly higher in resin content, no other significant deviations

were noted from the Soxhlet extraction results.
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B. WetResin Flow

A four-ply biased panel, 4 in. x 4 in. square, was cured at 150 psi

pressure (or 1000 psi in the case of KAISERFM 5064 and FM 5839) at

a temperature of 163°C (325°F) for 10 minutes, and the amount of resin
flow determined by flash removal. The "wet resin" terminology indicates

that the prepreg is tested before devolatilization. The significance
of flow values is best determined on a roll by roll basis at the time

of fabrication because there is significant variation of flow values
between rolls in a lot. FM 5839 Lot #4, treater Lot D-09317, rolls

#4, 5 and 6; and FM 5839 Lot #5, treater lot D-09318, rolls #I and 2

were both redried, i.e., run through another pass on the treater to
reduce the resin flows to acceptable levels.

C. Volatile Content

A single 4" x 4" bias ply of prepreg was dried in a 163°C (325°F) forced

air oven for 10 minutes and the weight difference used to calculate
volatile content as a percentage of the original weight. FM 5834 Lot

#5, treater Lot #D-09336 had to be redried to bring the volatile content

to an acceptable level. The significance of volatile content can best
be determined on a roll by roll basis at the time of fabrication.
Correlation between residual vols of the prepreg and residual vols of

the cured panel shows a correlation coefficient (r 2) of 0.015 for FM

5055B, 0.134 for FM 5834, 0.266 for FM 5839; and 0.465 for FM 5064J.

The plot of residual volatiles versus prepreg volatiles for FM 5064

is shown on page #26. This apparent correlation is caused by the two

different treater conditions, resulting in the data being grouped by

fabricator - HITCO versus KAISER.
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D. Dry Resin Content

One of the process control tests is a dry resin content which utilizes

the same4" x 4" bias ply which had been devolatilized for the volatile
content determination and subtracts the dry fabric weight previously

determined to allow a quick calculation of the resin content. Normally,
dry resin contents are 1½%to 2%higher than those determined by Soxhlet
extraction, but the test accuracy depends heavily on fabric uniformity.

The three to four fold higher variation in dry resin content of spun

PANprepreg reflect back to the variations in fabric weight mentioned
in the fabric discussion.

The spun PAN fabrics, due to the lack of uniformity in filament
orientation, had an inherent tendency to pick up more resin than the

uniformly oriented rayon fabrics. To demonstrate the ability to

tailor-make a prepreg in order to get a comparable carbon/phenolic prepreg

from SWB-8for tape wrapping, based on the handleability and fabricability

(that is, equivalent tack and resin flow), spun PAN required almost
40% dry resin content compared to CCA-3 dry resin contents of 34-35%.
Likewise, PWB-6naturally needs a higher resin content to be equivalent

in handling and fabricability to WCA.

E. Tack

To attempt to quantify the fabricability of prepreg in light of the
customer's needs, a tack test was used where I square inch overlap of

prepreg is heated for 60 seconds in a 190°F press, under 50 psi, removed,
and cooled between two (2) caul plates to room temperature. The load

required to separate this overlap section is used as an indication of
the fabricability of the prepreg and is usually compared to a minimum

load requirement. Since the primary driver for tack is the resin
advancement, no particular deviations were noted with the exception
of FM 5839 lots #4 and #5 which were redried, reducing the tack below
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lots which had not been redried. A different type of tack test was

proposed for tape wrap carbon/phenolic prepreg in the proposed

specifications (Volume II).

F. Gel Time

The isothermal gel time of prepreg at 163°C (325°F) was determined by

pressing a stack of 16-20 two-inch squares of prepreg in a 163°C (325°F)

press, adjusting the pressure until a 1/4 inch bead of extruded resin

was present around the squares. This bead was probed until gelation

occurred and the elapsed time noted. Note the longer gel times of the

carbon/phenolic prepregs, FM 5055B and FM 5834, (both made with 91LD

resin) compared to the carbon carbon prepregs made with USP 39A. The

difference in basic resin properties is the primary determinant; but

treater conditions helped to narrow the differences, i.e., 91LD raw

resin takes about twice as long to gel as USP 39A (225 sec. versus 110

sec.). But after processing, the difference is reduced to 92 sec. versus

69 sec. The variability of gel time data makes correlations impractical.

G. Infrared Baseline (IRZB)

The infrared method of the determination of the degree of advancement

differentiates the molecular structure changes which result from resin

polymerization. This test involves solvating the resin from the prepreg

using acetone, calibration of companion sodium chloride cells, adjustment

of resin extract concentration to give a reference absorbance and

determining the ratios of the log of absorbance at 12.15 and 9.8 microns.

For USP 39A, constituent materials shift the peak normally found in

phenolic resins from 9.8 microns to approximately 9.55 microns. For

comparative purposes in this project, the 9.55 microns peak was used

for calculation of the ratios. While not within the classical definition

of the polymerization index (or baseline) for USP 39A, the peak values
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at 9.55 microns are more precise than readings taken on the vertical

section of the IR curve. This prevents the direct comparison of IR
ratios between USP39A and 91LD resin. Typical charts for each prepreg

are shownon pages #27 through #30. Charts for each individual prepreg

sample are shownin the appropriate lot fingerprint.

H. Thermogravimetric Analysis (TGA)

All of the prepreg tests for weight loss of prepreg in a nitrogen

atmosphere for temperatures up to 1000°C (1832°F), were conducted in
a Perkin-Elmer TGS-2thermal analyzer with a Perkin-Elmer DSC-2programmer
without a feedback loop. The only noticeable variation was in FM 5834

which only attained the level of 7.0% weight loss at 500°C (932°F) versus
9.1% to 9.7% for the other prepregs. A typical chart of each prepreg

is shown on pages #31 through #34. TGA results from each individual

prepreg samples are shownin the appropriate lot fingerprint.

I. Differential Scanning Calorimetry (DSC)

When the heat flow (enthalpy) of a prepreg sample is plotted against

temperature of up to 350°C (662°F), carbon/carbon prepregs based on
USP39A show a single exotherm with a peak in the range of 183°C-184°C

(361°F-363°F), as shownon pages #37 and #38. The carbon/phenolic prepreg
with 91LDresin, however, show the expected peak exotherm at 178°C-180°C

(352°F-356°F) range as well as a secondary exotherm at 238°C-240°C
(460°F-464°F), as shown on pages #35 and #36. This second peak is

distinguishable enough to be measured on all 91LD prepreg samples.

This second peak is presumed to be related to a secondary crosslinking
reaction. It should be noted that the DSCpeak exotherm is different

from an isothermal gel time discussed in Item F above, because the DSC
is subjected to a programmedheating rate, 20°C per minute, rather than

being held at a constant temperature.
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COMPARISON OF PEAK DSC EXOTHERMTEMPERATURES

DSC RESIN DSC PREPREG

91 LD- 183 ° FM 5055B - 178°C

FM 5834 - 180°C

USP 39A - 188°C FM 5064J - 183°C

FM 5839 - 184°C

DSC plots for each individual prepreg samples are shown in the individual

lot fingerprint only.

J. Atomic Absorption (AA)

The ash from a 600°C (1,112°F) pyrolysis for 16-20 hours was digested

with hydrochloric acid and compared for light absorption with accurately

prepared alkaline metal standards of 0.5 ppm. It was noted that the

magnesium level in CCA-3 (average of 56 ppm) was not traceable to FM

5055B prepreg at the expected level (i.e., 51.5% Soxhlet cloth content

should contribute 29 ppm magnesium in the prepreg). Observed magnesium

levels in FM 5055B averaged 3 ppm versus the 29 ppm predicted and the

difference is believed to be influenced by the presence of other alkaline

metals or in the standard preparation. The relatively high level of

sodium in Lot #4 of USP 39A resin is traceable to its resultant prepregs

with Lot #4 of FM 5064J and FM 5839, both being proportionately higher

in sodium than the other lots. Overall, comparing the total level of

alkaline impurities observed in the prepreg testing to the predicted

levels based on the proportional contribution of filler, resin, and

fabric using Soxhlet percentages, the following table was compiled:



Page #8

TOTAL ALKALINE IMPURITIES

PREPREG TYPE

AVG. PREDICTED

TOTAL PPM

AVG. OBSERVED

TOTAL PPM

PERCENTAGE

OF PREDICTED

FM 5055B 369 414 112

FM 5834 39 48 125

FM 5064J (HITCO) 30 17 56

FM 5064J (KAISER) 29 20 69

FM 5839 65 43 65

It is readily apparent that the carbon/phenolic prepregs exhibited higher

impurity levels in the prepreg than predicted from their constituents,

and all of the carbon/carbon prepregs exhibited alkaline levels lower

than predicted. No explanation is available for this at the present

time.

III. SUMMARY

From the uncured prepreg testing, several physical properties such as resin

gel temperatures and some alkaline metal impurity levels can be traced through

to the prepreg. The primary influence of raw material, observed in this

study, is the amount of variation in the spun PAN fabrics compared to the

continuous rayon fabrics. The large fabric variation, evidenced as weight

variations, make process control and product uniformity very difficult and

vastly increased any proposed specification ranges based on the test

procedures utilized in the study.
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COMPARATIVE UNCURED PREPREG DATA

NAS8-36298

CARBON/PHENOLIC PREPREGS

FM 5055B

SOXHLET SOXHLET SOXHLET WET VOLATILE DRY

GRAND RESIN FILLER CLOTH FLOW CONTENT RESIN

TOTAL CONTENT CONTENT CONTENT 150 psi 325eF CONTENT

% % % % % %

AVERAGE 34.2 14.3 51.5 17.4 4.1 34.2

STD DEV 1.1 0.5 1o5 2.5 0.3 1.1

MINIMUM 32.1 13.3 48.2 11.3 3.6 32.1

MAXIMUM 36.6 15.3 54.6 21.0 4.9 37.7

FM 5834

SOXHLET SOXHLET SOXHLET WET VOLATILE DRY

GRAND RESIN FILLER CLOTH FLOW CONTENT RESIN

TOTAL CONTENT CONTENT CONTENT 150 psi 325°F CONTENT

% % % % % %

AVERAGE 37.3 15.7 47o0 15.7 4.8 39°7

STD DEV 2.6 1.2 3.8 3.9 0.7 2.8

MINIMUM 31.6 13.9 39.0 9.4 3.7 31.7

MAXIMUM 42.6 18.4 54.5 19.7 5.8 42.8

CARBON/CARBON PREPREGS

FM 5064J

GRAND

TOTAL

SOXHLET SOXHLET SOXNLET WET VOLATILE DRY

RESIN FILLER CLOTH FLOW CONTENT RESIN

CONTENT CONTENT CONTENT 325eF CONTENT

% % % % % %

AVERAGE 33.7 14.1 52.3 -- 2.8 34.2

STD DEV 1.0 0.4 1.2 -- 0.4 0.8

MINIMUM 31.5 13.4 50.2 9.1 2.0 32.6

MAXIMUM 35.3 15.0 54.7 18.0 3.5 35.3

FM 5839

GRAND

TOTAL

SOXHLET SOXHLET SOXHLET WET VOLATILE DRY

RESIN FILLER CLOTH FLOW CONTENT RESIN

CONTENT CONTENT CONTENT I000 psi 325 _ CONTENT

% % % % % %

AVERAGE 34.2 14.4 51.5 13.1 2.5 35.7

STD DEV 1.9 0.9 2.7 3.4 0.3 2.5

MINIMUM 29.0 12.3 48.1 8.6 2.2 30.3

MAXIMUM 36.8 15.4 58.7 18.8 3.2 41.3
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NAS8-36298

CARBON/PHENOLIC PREPREGS

FM 5055B

TACK

GRAND 50 psi
TOTAL 190°F 3250F IRZB @

Ibs seo ratio

GEL INFRA- T.G.A. DSC DSC

TIME RED WT LOSS EXOTHERM EXOTHERM

50O°C Ist TEMP 2nd TEMP

% °C O c

84 1.11 9.7 178 238

27 0.02 1.0 1 3
32 1.07 5.9 174 232

123 1.15 11.3 180 244

AVERAGE 44

STD DEV 12

MINIMUM 20

MAXIMUM 72

FM 5834

....... TACK GEL INFRA-

GRAND 50 psi TIME RED
TOTAL 190°F 3250F IRZB

Ibs sec ratio

AVERAGE 40 100 1.10

STD DEV I0 54 0.04

MINIMUM 20 58 1.03

MAXIMUM 60 207 1.15

T. G.A. DSC DSC

WT LOSS EXOTHERM EXOTHERM

@ 500°C Ist TEMP 2nd TEMP

% °C P C

7.0 180 241

1.0 2 2

4.9 177 239

8.8 183 243

CARBON/CARBON PREPREGS

FM 5064J

.... ==-- TACK

GRAND 50 psi
TOTAL 190°F

Ibs

GEL INFRA- T.G.A.

TIME RED WT LOSS

325°F IRZB @ 500¢C

sec ratio %

70 0.81 9.3
16 0.03 1.3

34 0.76 6.4

96 0.92 10.9

AVERAGE 35

STD DEV 11

MINIMUM 15

MAXIMUM 58

DSC

EXOTNERM

1st TEMP

oC

183

I

180

185

DSC

EXOTHERM

2nd TEMP

OC

Z

FM 5839

GRAND

TOTAL

TACK GEL INFRA- T.G.A.

50 psi TIME RED WT LOSS
190°F 325°F IRZB @ 500°C

Ibs sec ratio %

ZZ_

DSC

EXOTHERM

let TEMP

oC

AVERAGE 19 68 0.82 9.1 184

STD DEV 11 22 0.02 1.0 1

MINIMUM 8 32 0.79 7.5 183

MAXIMUM 38 97 0.87 11.9 186

DSC

EXOTHERM

2nd TEMF

oC
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COMPARATIVE UNCURED PREPREG DATA

NAS8-36298

CARBON/PHENOLIC PREPREGS

FM 5055B

GRAND

TOTAL Ha

ppm

ATOMIC ABSORPTION

Alkaline Impurities PERCENT

K Ca Mg Li TOTAL MOISTURE

ppm ppm ppm ppm ppm %

PERCENT

ASH

%

AVERAGE

STD DEV

MINIMUM

MAXIMUM

387

88

240

578

21 3 3 0 414 5.60

4 2 2 0 88 0.82

13 0 0 0 261 4.54

29 9 7 0 598 7.41

0.18

0.05

O. 07

0.31

FM 5834

GRAND

TOTAL Ha

ppm

ATOMIC ABSORPTION-

Alkaline Impurities PERCENT

K Ca Mg Li TOTAL MOISTURE

ppm ppm ppm ppm ppm %

PERCENT

ASH

%

AVERAGE II

STD DEV 5

MINIMUM 5

MAXIMUM 22

2 34 1 0 48 3.20 0.06

1 34 0 0 34 0.29 0.03

1 12 1 0 23 2.83 0.02

3 148 2 0 160 3.77 0.12

CARBON/CARBON PREPREGS

FM 5064J

GRAND

TOTAL Ha

ppm

ATOMIC ABSORPTION

-Alkaline Impurities PERCENT

K Ca Mg Li TOTAL MOISTURE

ppm ppm ppm ppm ppm %

PERCENT

ASH

%

AVERAGE I0 1 6 2 0 19 2.04 0.10

STD DEV 8 1 5 1 0 11 0.20 0.08

MINIMUM I 0 0 1 0 4 1.76 0.00

MAXIMUM 26 2 13 6 0 40 2.44 0.25

FM 5839

GRAND

TOTAL Ha

ppm

ATOMIC ABSORPTION-

Alkaline Impurities PERCENT

K Ca Mg Li TOTAL MOISTURE

ppm ppm ppm ppm ppm %

PERCENT

ASH

%

AVERAGE 20 2 19 2 0 43 2.25 0. I0

STD DEV 12 I 8 2 0 13 0.68 0.09

MINIMUM 5 1 5 I 0 18 1.82 0.01

MAXIMUM 36 4 34 8 0 61 4.48 0.27
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FM 5055B UNCURED PREPREG DATA
AVERAGE TEST RESULTS

NASA LeT NO. SOXHLET
LOT and RESIN
NO. SAMPLE CONTENT

%
TEST METHOD CTM-6D

#I D09256-SI 33.4
-El 35. 7
-$2 34.2

-E2 36.6
-$3 35.6
-E3 36. 2
-$4 34.6
-E4 36. 4
-$5 34.7
-E5 33.2
-$6 34.4
- E6 33. 8
-$7 35. 5
-E7 33. I
-$8 32. 1
-E8 34.7
-$9 32.9
- E9 33. 3

#2 D09274-$1 33. 5
-El 33.5
-$2 32.4
-E2 34. 3
-$3 33.8
-E3 34. 4
-$4 34.2
-E4 36.0
-$5 33.9
-E5 34. 5
-$6 33.8
-E6 33. 1
-$7 33.8
-E7 34. 1
-$8 33. 9
-E8 33. 7
-$9 34. 4
-E9 34. 4

#3 C02133-SI 34. 4
-El 34. 2
-$2 35. 9
-E2 36. 5
-$3 32.8
-E3 33. 9

-$4 32.8
-E4 34.0
-$5 33. 9
-E5 33. 4

-$6 33.8
-E6 34. 9
-$7 35. I
-E7 32. 5

#4 D09313-SI 33. 3
-$2 34.6

#5 D09335-$1 34. 7
-$2 33.4

_. SOXHLET
GRAND RESIN
TOTAL CONTENT

%
AVERAGE 34.2
STD DEV I. I
MINIMUM 32. 1
MAXIMUM 36.6

NAS8-36298

SOXHLET SOXHLET WET VOLATILE DRY

FILLER CLOTH FLOW CONTENT RESIN
CONTENT CONTENT 150 psi 325_F CONTENT

% % % % %
CTM-6D CTM-6D PTM-19G PTM-17B PTM-16F
13.8 52.8 19. 5 4.6 33.9
14.8 49.5 20. 1 4.7 34. 5
14. 2 51. 5 19. 5 4. 7 37. 7
15. 2 48. 2 19. 9 4.6 35. 2
14.8 49. 6 20. 0 4. 9 36. 4

15.0 48. 9 19.8 4. 3 34.8
14.4 51.0 19. 2 4. 2 34.6
15. I 48. 5 19. I 4. 2 35. 2
14. 4 50. 9 19. 3 4. 5 34. 1
13. 9 52. 9 17.2 3. 9 32. 6
14. 2 51.4 17.8 4. I 34. 8
14. 0 52. 2 16. 5 3.8 33. 8
14. 7 49. 8 18.0 4. 1 34. I
13.7 53. I 16. 3 3. 8 33.6
13.3 54.6 11.8 3.8 32. 1
14.4 50. 9 17. 1 3. 9 32. 4
13. 7 53.4 16. 3 3. 8 32. 3
13.8 52. 9 14. 8 4. 0 32. 7
13. 9 52.6 19. 2 4. 5 34.6
14.0 52. 5 20. 0 4. I 32. 7
13. 5 54. 1 20. 0 4. 3 33. 1
14. 3 51. 4 19. 4 4.0 34. 9
14. I 52. 1 18. 9 4. 7 36. 1
14. 3 51. 3 19. 4 4. 2 33. I
14. 2 51. 6 19. 7 4. 3 35. 5
15. 0 49. 0 13. 4 3. 7 33. 3
14. 1 52. 0 13. 7 3. 8 33. 3
14. 4 51. I 19. 5 4.4 35. 0
14. 1 52. 2 19. 3 4.0 34. 0
13. A 53. 1 19. 0 4. 1 34. 2
14. 1 52. I 15. 5 4. 2 33. 1
14.2 51. 7 17. 5 4. 2 33. I
14. I 52.0 16.6 4. 2 33. 5
14. 1 52. 2 17. 5 4. 2 34. 2
14. 3 51. 3 16.9 4. 1 34. 2
14. 3 51.2 18. 5 4. 2 34. 9
14. 5 51. I 18. 5 4. 4 36. I
14.4 51. 4 16. I 3. 7 34. 4
15. 1 49. 0 17.8 4. I 35. 7
15. 3 48. 2 13. 9 3. 8 34. 0
13. 8 53. 4 13.6 3.6 33. 7
14. 2 51. 9 17.6 3. 6 32. 9

13. 7 53. 5 II. 3 3. 8 34. 8
14. 3 51. 7 II. 9 3.8 33. 5
14. 2 51. 8 13. 6 3. 8 34. 5
14. 0 52. 6 14. I 3. 7 34. 3

14. 2 51. 9 15. 3 3. 7 34. I
14. 7 50. 4 17.7 4. 1 34. 9
14. 7 50. 2 17. 8 4. I 34. 9
13. 6 53.9 19. 2 3. 8 32. 9
14. 7 52. 0 13. 4 4. 3 35. 5
15. 2 50. 2 21.0 4. 5 34. 7
15. 0 50. 3 17. 7 4. 3 33. 9
14.4 52.2 20.2 4. 3 34. 5

SOXHLET SOXHLET WET VOLATILE DRY
FILLER CLOTH FLOW CONTENT RESIN

CONTENT CONTENT 150 psi 325 _ CONTENT
% % % % %
14.3 51.5 17.4 4.1 34.2
0.5 1.5 2.5 0.3 1.1

13.3 48.2 11.3 3.6 32.1
15.3 54.6 21.0 4.9 37.7
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FM 5055B UNCURED PREPREG DATA
AVERAGE TEST RESULTS

NAS8-36298

NASA L_T NO. TACK GEL INFRA-
LOT and 50 psi TIME RED
NO. SAMPLE 190OF 3250F IRZB

Ibs sec ratio
TEST METHOD QAI-5070 PTM-20E CTM-21C

#I D09256-$1 45 89 1.09
-El 62 75 1.13
-$2 48 85 1.14
-E2 60 113 1.15
-$3 45 114 1.12
-E3 52 123 1.12
-$4 55 113 1.15
-E4 58 I08 i. II
-$5 52 119 I. I0
-E5 37 98 1.10
-$6 35 109 I. II
-E6 72 116 1.09
-$7 43 96 1.12
-E7 56 102 I. I0
-$8 38 98 1.13
-E8 48 110 I. II
-$9 61 119 I. I0
-E9 36 109 1.13

#2 D09274-SI 63 118 1.11
-El 49 97 I. II
-$2 46 98 1.08
-E2 40 92 I. I0
-$3 45 90 1.07
-E3 50 104 I. I0
-$4 45 94 I. I0
-E4 20 75 i. I0
-$5 28 81 1.08
-E5 42 110 1.08
-$6 30 I01 1.09
-E6 36 93 1.10
-$7 49 88 I. II
-E7 37 91 1.09
-$8 36 87 1.11
-E8 34 86 1.08
-$9 29 98 1.09
-E9 42 102 1.11

#3 C02133-SI 32 63 1.13
-El 50 95 1.13
-$2 56 61 1.13
-E2 28 38 1.07
-$3 45 55 I. II
-E3 54 50 I. II
-$4 40 44 I. II
-E4 41 32 1.10
-$5 45 49 I. II
-E5 50 42 1.08
-$6 59 56 1.11
-E6 63 36 1.10
-$7 65 40 1.15
-E7 29 35 1.14

#4 D09313-SI 25 64 1.12
-$2 32 63 1.11

#5 D09335-$1 35 58 1.14
-$2 27 50 1.13

FM 5055B TACK GEL INFRA-
GRAND 50 psi TIME RED
TOTAL 190_F 325OF IRZB

Ibs sec ratio
AVERAGE 44 84 1.11
STD DEV 12 27 0.02
MINIMUM 20 32 1.07
MAXIMUM 72 123 1.15

DSC DSC
EXOTHERM EXOTHERM
ist TEMP 2nd TEMP

T.G.A.
WT LOSS
@ 500 °C

% OC °C
CTM-51 CTM-50A CTM -50A
I I. 3 177 236
I0. 4 178 237
10. 2 179 234
I0.9 178 238
11.0 179 234
I I •2 176 236
I I. 0 177 239
I0.4 178 238
10.5 177 235
I0.6 179 238
9.8 177 238

10.2 180 236
9.9 178 237

I0. 1 178 239
- - 178 240

9. 5 178 241
10. 2 178 238
10. 2 178 237
10. 0 176 242
9. 8 176 242

10. 0 178 241
9. 5 178 242

10. I 179 244
9. 7 177 242
9. 3 178 241
9. 4 IV7 242
8.2 178 240
9.6 180 242
8.9 179 244
9.4 178 240
9. 3 176 242
9.6 178 241
9. 1 176 242
8.8 176 243

8. 3 176 242
I0. 9 180 233
9.7 175 235
9.6 177 232
9.4 179 236
9. I 176 237
9.5 174 234

I0.4 179 237
9.5 178 237

10. 1 178 238
5.9 179 236
8.9 179 235

10. 1 178 234
10. 3 178 235
II. 1 178 235
9. 7 179 237

I0.3 179 237
8.0 179 240
7.4 178 239

T. G.A. DSC DSC
WT LOSS EXOTHERM EXOTHERM

@ 500oC Ist TEMP 2nd TEMPc% oC
9.7 178 238
1.0 1 3
5. 9 174 232

11.3 180 244
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NASA LST NO.
LOT and
NO. SAMPLE

TEST METHOD
#I D09256-SI

-El
-$2
-E2
-$3
-E3
-$4
-E4
-$5
-E5
-$6
-E6
-$7

-E7
-$8
-E8
-$9
-E9

#2 D09274-SI
-El
-$2
-E2
-$3
-E3
-$4
-E4
-$5
-E5
-$6
-E6
-$7
-E7
-$8
-E8
-$9
-E9

#3 C02133-$I
-El
-$2
-E2
-$3
-E3
-$4
-E4
-$5
-E5
-$6
-E6
-$7
-E7

#4 D09313-SI
-$2

#5 D09335-SI
-$2

FM 5055B UNCURED PREPREG DATA
AVERAGE TEST RESULTS

NAS8-36298

ATOMIC ABSORPTION ....................

Alkaline Impurities PERCENT PERCENT
Ns K Ca Mg Li TOTAL MOISTURE ASH

ppm ppm ppm ppm cT_P_3B" _ ppm % %

497 24 2 i 0 524 7.10 0.26
578 18 i I 0 598 6.55 0.21
418 27 I 0 0 446 6.31 0.12
492 24 I 2 0 519 6.76 0.18
501 21 2 I 0 525 6.70 0.16
420 18 2 1 0 441 6.93 0.20
311 22 I I 0 335 6.86 0.12
400 19 0 I 0 420 6.80 0.14
315 20 2 2 0 339 6.56 0.12
308 15 2 I 0 326 5.96 0.13
283 27 0 0 0 310 6.41 0.16
419 17 2 I 0 439 5.88 0.23
240 19 I I 0 261 6.71 0.13
263 19 2 I 0 285 6.29 0.13

536 21 1 2 0 560 7.41 0.13
277 27 0 0 0 304 6.55 0.18
352 28 2 i 0 383 6.69 0.13
509 17 I 2 0 529 6.64 0.16
439 23 5 5 0 472 5.07 0.19
467 25 8 6 0 506 4.69 0.16
368 23 4 5 0 400 4.80 0. 18
393 22 6 6 0 427 5. 17 O. 18
401 23 3 4 0 431 5.29 0.28
436 23 8 7 0 474 5.27 0.21
417 19 4 6 0 446 4.88 0.20
328 19 7 6 0 360 4.85 0.19
346 19 4 5 0 374 4.69 0.14
471 24 4 5 0 504 4.73 0.24
473 25 3 5 0 506 4.54 0.26
418 19 5 5 0 447 4.93 0.22
336 21 6 6 0 369 4.77 0.22
384 22 6 4 0 416 5.00 0.22
282 20 4 6 0 312 4.56 0.20
263 22 4 4 0 293 4.66 0.18

259 21 3 5 0 288 4.59 0.19
344 19 2 2 0 367 5.22 0.16
438 17 2 2 0 459 5.19 0.11
436 20 2 2 0 460 5.13 0.07
428 20 2 3 0 453 5.48 0.12
276 16 2 2 0 296 5.05 0.21
309 15 3 I 0 328 4.99 0.12
399 17 3 1 0 420 5.06 0.15
456 14 2 i 0 473 4.86 0. 19
454 15 2 2 0 473 5.12 0.18
382 18 2 2 0 404 5.03 O. 17
500 20 2 I 0 523 5.24 0.20
494 21 2 3 0 520 5.42 0.31
533 22 2 2 0 559 5.34 0.26
288 18 2 2 0 310 5.21 0.23

353 18 7 4 0 382 5.17 0.15
334 13 9 5 0 361 5.28 0.18
248 29 2 3 0 282 6.19 0.14
249 23 2 5 0 279 6.14 0.12

FM 5055B
GRAND
TOTAL Na

ppm
AVERAGE 387
STD DEV 88
MINIMUM 240
MAXIMUM 578

ATOMIC ABSORPTION

Alkaline Impurities PERCENT
K Ca Mg Li TOTAL MOISTURE

ppm ppm ppm ppm ppm %
21 3 3 0 414 5.60
4 2 2 0 88 0.82

13 0 0 0 261 4.54
29 9 7 0 598 7.41

PERCENT
ASH

%
0.18
0.05
0.07
0.31



FM 5055B UNCURED PREPREG

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

Page #15

FM

LOT

AVERAGES

LOT #i

LOT #2

LOT #3

LOT #4

LOT #5

SOXNLET SOXHLET SOXHLET WET VOLATILE

RESIN FILLER CLOTH FLOW CONTENT

CONTENT CONTENT CONTENT 150 psi 325°F

% % % % %

34.5 14.3 51.2 17.9 4.2

34.0 14.2 51.9 18.0 4.2

34.1 14.3 51.5 15.6 3.8

33.9 15.0 51. 1 17.2 4.4

34.1 14.7 51.2 18.9 4.3

DRY

RESIN

CONTENT

%

34.2

34.0

34.3

35.1

34.2

5055B GRAND AVG. 34.2 14.3 51.5 17.4 4.1 34.2

STD DEV I.i 0.5 1.5 2.5 0.3 I. I

COUNT 54 54 54 54 54 54

A BASIS FACTOR 2.838 2.838 2.838 2.838 2.838 2.838

BASIS MINIMUM 31.2 13.0 47.2 10.2 3.2 31.0

A BASIS MAXIMUM 37.2 15.6 55.8 24.5 5.0 37.4

FM

TACK GEL INFRA- T.G.A. DSC

LOT 50 psi TIME RED WT LOSS EXOTHERM

AVERAGES 190°F 325 _ IRZB @ 500_ Ist TEMP

Ibs sec ratio % °C

LOT #1 50 105 1.12 10.4 178

LOT #2 40 95 1.10 9.4 177

LOT #3 47 50 I. II 9.6 178

LOT #4 29 64 1.12 I0.0 179

LOT #5 31 54 1.13 7.7 179

DSC

EXOTHERM

2nd TEMP

o C

237

242

235

237

240

5055B GRAND AVG. 44 84 I. II 9.7 178 238

STD DEV 12 27 0.02 1.0 1 3

COUNT 54 54 54 52 53 53

A BASIS FACTOR 2.838 2.838 2.838 2.850 2.844 2.844

A BASIS MINIMUM II 8 1.05 6.9 174 230

A BASIS MAXIMUM 78 159 i. 17 12.5 181 247

FM

LOT

AVERAGES

LOT #I

LOT #2

LOT #3

LOT #4

LOT #5

ATOMIC ABSORPTION

Alkaline Impurities PERCENT

Na K Ca Mg Li TOTAL MOISTURE

ppm ppm ppm ppm ppm ppm %

396 21 I I O 419 6.62

381 22 5 5 O 413 4.85

410 18 2 2 0 432 5.17

344 16 8 5 0 372 5.23

249 26 2 4 0 281 6.16

PERCENT

ASH

%

0.16

0.20

0.18

0.17

0.13

5055B GRAND AVG.

STD DEV

COUNT

A BASIS FACTOR

A BASIS MINIMUM

A BASIS MAXIMUM

387 21 3 3 0 414 5.60

88 4 2 2 0 88 0.82

53 53 53 53 53 53 53

2.844 2.844 2.844 2.844 2.844 2.844 2.844

136 I0 -3 -3 0 163 3.26

638 31 9 9 0 664 7.94

0.18

0.05

53

2.844

0.04

0.32



FM 5834 UNCURED PREPREG DATA

AVERAGE TEST RESULTS

NASA LOT NO. SOXHLET

LOT and RESIN

NO. SAMPLE CONTENT

%

TEST METHOD CTM-6D

#I D09255-SI 36.8

-$2 35.2

#2 D09275-SI 38.1

-$2 35.8

-$3 35.2

-$4 35.9

-$5 38.2

-$6 37.9

-$7 37.6

#3 D09233-$1 36.8

-$2 37.3

#4 D09314-$1 40.5

-$2 31.6

#5 D09336-SI 42.6

-$2 39.7

NAS8-36298

SOXHLET SOXHLET

FILLER CLOTH

CONTENT CONTENT

% %

CTM-6D CTM-6D

15.3 47.9

14.6 50.2

15.8 46.1

14.9 49.3

14.7 50.1

14.9 49.2

15.9 45.9

15.8 46.4

15.6 46.8

15.5 47.8

15.7 47.1

17.9 41.6

13.9 54.5

18.4 39.0

17.3 43.0

Page #16

WET VOLATILE DRY

FLOW CONTENT RESIN

150 psi 325"F CONTENT

% % %

PTM-19G PTM-17B PTM-16F

17.9 4.5 41.4

18.4 4.6 40.8

11.9 4.4 38.7

19.6 5.5 38.8

16.0 5. 4 40.8

19.4 5.4 37.4

19.0 5.4 41.8

18.0 5.5 38.6

19.7 5.8 42.6

13.5 4.2 38.8

14.0 5.1 39.3

18.5 4.3 39.0

10.6 3.7 31.7

9.6 4.0 42.4

9.4 4.2 42.8

FM 5834 SOXHLET

GRAND RESIN

TOTAL CONTENT

%

AVERAGE 37.3

STD DEV 2.6

MINIMUM 31.6

MAXIMUM 42.6

SOXHLET SOXHLET

FILLER CLOTH

CONTENT CONTENT

% %

15. 7 47.0

1.2 3.8

13.9 39.0

18.4 54.5

WET VOLATILE DRY

FLOW CONTENT RESIN

150 psi 325_F CONTENT

% % %

15.7 4.8 39.7

3.9 0.7 2.8

9.4 3.7 31.7

19.7 5.8 42.8

FM 5834 UNCURED PREPREG

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

SOXHLET SOXHLET SOXHLET WET

LOT RESIN FILLER CLOTH FLOW

AVERAGES CONTENT CONTENT CONTENT 150 psi

% % % %

LOT #I 36.0 14.9 49.1 18.1

LOT #2 36.9 15.4 47.7 17.7

LOT #3 37.0 15.6 47.4 13.8

LOT #4 36.1 15.9 48.1 14.5

LOT #5 41.2 17.9 41.0 9.5

FM ========= .................

VOLATILE

CONTENT

325 "F

%

4.5

5.3

4.7

4.0

4.1

5834 GRAND AVG. 37.3 15.7 47.0 15.7

STD DEV 2.6 1.2 3.8 3.9

COUNT 15 15 15 15

A BASIS FACTOR 3.520 3.520 3.520 3.520

A BASIS MINIMUM 28.3 11.4 33.7 2.1

A BASIS MAXIMUM 46.3 20.1 60.2 29.3

3.

4.8

0.7

15

520

2.4

7.2

DRY

RESIN

CONTENT

%

41. I

39.8

39.0

35.4

42.6

39. 7

2.8

15

3. 520

29. 8

49. 5



FM 5834 UNCURED PREPREG DATA

AVERAGE TEST RESULTS

PAGE # 17

NAS8-36298

NASA LDT NO. TACK GEL INFRA- T.G.A. DSC DSC

LOT and 50 psi TIME RED WT LOSS EXOTHERM EXOTHERM
NO. SAMPLE 190°F 325°F IRZB @ 500°C 1st TEMP 2nd TEMP

Ibs sec ratio % °C °C

TEST METHOD QAI-5070 PTM-20E CTM-21C CTM-51 CTM-50A CTM-50A

#I D09255-SI 45 165 1.14 7.7 177 239

-$2 56 169 1.14 7.7 180 240

#2 D09275-SI 60 87 1.08 7.1 182 240

-$2 44 68 1.09 4.9 182 243

-$3 36 70 1.09 7.6 182 241

-$4 40 62 1.07 6.4 182 243

-$5 48 73 1.07 6.9 181 241

-$6 35 65 1.05 7.9 183 239

-$7 42 63 1.08 6.5 180 243

#3 D09233-SI 38 207 1.13 7.9 177 239

-$2 35 197 1.14 5.7 178 240

#4 D09314-SI 20 67 1.15 6.4 181 240

-$2 34 58 1.15 8.8 179 240

#5 D09336-SI 26 68 1.03 6.4 179 242

-$2 39 81 1.03 7.3 182 243

FM 5834
GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

TACK GEL INFRA- T.G.A. DSC DSC

50 psi TIME RED WT LOSS EXOTHERM EXOTHERM
190°F 325°F IRZB @ 500°C Ist TEMP 2nd TEMP

Ibs sec ratio % oC °C

40 I00 I. I0 7.0 180 241

I0 54 0.04 1.0 2 2

20 58 1.03 4.9 177 239

60 207 1.15 8.8 183 243

FM 5834 UNCURED PREPREG

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

TACK GEL INFRA- T.G.A. DSC DSC

LOT 50 psi TIME RED WT LOSS EXOTHERM EXOTHERM

AVERAGES 190°F 325°F IRZB @ 500_C 1st TEMP 2nd TEMP

Ibs sec ratio % °C °C

LOT #1 51 167 1.14 7.7 179 240

LOT #2 44 70 1.08 6.8 182 241

LOT #3 37 202 1.13 6.8 178 240

LOT #4 27 63 1.15 7.6 180 240

LOT #5 33 75 1.03 6.9 181 243

FM

5834 GRAND AVG.

STD DEV

COUNT

A BASI_ FACTOR

A BASIS MINIMUM

A BASIS MAXIMUM

40 100 1.10 7.0 180 241

I0 54 0.04 1.0 2 2

15 15 15 15 15 15

3.520 3.520 3.520 3.520 3.520 3.520

4 -90 0.95 3.5 173 235

76 290 1.24 10.5 187 246



NASA LQT NO.

LOT and

NO. SAMPLE

TEST METHOD

#1 D09255-$1

-$2

#2 D09275-$1

-$2

-$3

-$4

-$5

-$6

-$7

#3 D09233-$1

-$2

#4 D09314-$1

-$2

#5 D09336-$1

-$2

FM 5834 UNCURED PREPREG DATA

AVERAGE TEST RESULTS

Page #]8

NAS8-36298

ATOMIC ABSORPTION

Alkaline Impurities ......... PERCENT

Ns K Ca Mg Li TOTAL

ppm ppm ppm ppm ppm ppm

CTM-53B

22 2 33 I 0 58

18 3 27 2 0 50

8 2 18 2 0 30

7 2 17 2 0 28

13 1 16 1 0 31

6 I 15 I 0 23

6 2 16 I 0 25

I0 1 35 1 0 47

5 1 58 2 0 66

12 2 12 I O 27

18 2 19 1 0 40

II 3 42 I 0 57

9 2 148 I 0 160

11 i 27 1 0 40

16 2 26 1 0 45

PERCENT

MOISTURE ASH

% %

3.52 0.08

3.48 0.07

3.11 0.04

2.85 0.04

3.44 0.03

2.97 0.04

3.13 0.04

3.77 0.02

2.83 0.04

2.90 0.03

2.84 0.06

3.30 0.12

3.11 0.09

3.35 0.04

3.35 0. I0

FM 5834

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

ATOMIC ABSORPTION

Aiksllne Impurities

Na K Ca Mg Li TOTAL

ppm ppm ppm ppm ppm ppm

II 2 34 1 0 48

5 i 34 0 0 34

5 1 12 1 0 23

22 3 148 2 0 160

PERCENT PERCENT

MOISTURE ASH

% %

3.20 0.06

0.29 0.03

2.83 0.02

3.77 0.12

FM

LOT

AVERAGES

LOT #1

LOT #2

LOT #3

LOT #4

LOT #5

LOT

FM 5834 UNCURED PREPREG

AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

ATOMIC ABSORPTION

Alkaline Impurities PERCENT

Ns K CR Mg Li TOTAL MOISTURE

ppm ppm ppm ppm ppm ppm %

20 3 30 2 0 54 3.50

8 1 25 1 0 36 3.16

15 2 16 1 0 34 2.87

10 3 95 1 0 109 3.21

14 2 27 1 0 43 3.35

PERCENT

ASH

%

0.07

0.03

0.04

0.11

0.07

5834 GRAND AVG.

STD DEV

COUNT

A BASIS FACTOR

BASIS MINIMUM

A BASIS MAXIMUM

11 2 34 1 0 48 3.20

5 1 34 0 0 34 0.29

15 15 15 15 15 15 15

3.520 3.520 3.520 3.520 3.520 3.520 3.520

-6 -1 -85 0 0 -70 2.17

29 4 153 3 0 167 4.22

0.06

0.03

15

3.520

-0.05

0.16



Page #19

FM 5064J UNCURED PREPREG DATA

AVERAGE TEST RESULTS

NAS8-36298

NASA LOT NO. SOXHLET

LOT and RESIN

NO. SAMPLE CONTENT

HITCO 150psl %

TEST METHOD CTM-6D

#1(H) C02134-SI 35.3

-El 34.6

-$2 34.5

-E2 35.1

#2(H) D09279-SI 34.7

#3(H) C02137-SI 33.7

#4(H) D09315-SI 33.5

-El 33.3

#5(H} D09337-$1 33.3

-$2 34.0

KAISER lO00Dsi

#1(K) C02135-SI 32.6

#2(K) D09280-SI 32.7

-El 34.2

-$2 33.9

-E2 34.4

-$3 33.1

-E3 33.3

#3(K) C02138-SI 33.3

#4(K) D09316-SI 32.5

-El 31.5

FM 5064J SOXHLET

GRAND RESIN

TOTAL CONTENT

%

AVERAGE 33.7

STD DEV 1.0

MINIMUM 31.5

MAXIMUM 35.3

SOXHLET SOXHLET WET VOLATILE DRY

FILLER CLOTH FLOW CONTENT RESIN

CONTENT CONTENT 150 psi 325°F CONTENT

% % % % %

CTM-6D CTM-6D PTM-19G PTM-17B PTM-16F

14.5 50.2 14.4 3.4 33.8

14.2 51.2 10.9 3.0 33.6

14.2 51.4 10.5 2.9 33.9

14.4 50.5 14.0 3.1 35.0

14.2 51.1 15.0 3.5 35.2

13.8 52.5 11.5 2.9 34.2

14.2 52.3 9.1 3.1 33.3

14.1 52.6 12.2 3.2 35.0

14.7 52.0 11.2 3.3 34.0

15.0 51.0 12.6 3.3 35.2

1000 psi

13.4 54.0 13.9 2.3 34.4

13.4 53.8 18.0 2.7 33.6

14.0 51.8 17.5 2.6 35.2

13.9 52.2 17.1 2.5 35.3

14.1 51.5 16.6 2.5 35.0

13.6 53.3 17.3 2.5 34.3

13.7 53.0 15.6 2.4 33.4

13.6 53.1 14.9 2.0 34.2

14.3 53.2 17.9 2.8 33.5

13.8 54.7 17.8 2.8 32.6

SOXHLET SOXHLET WET VOLATILE DRY

FILLER CLOTH FLOW CONTENT RESIN

CONTENT CONTENT 325 "F CONTENT

% % % % %

14. 1 52. 3 -- 2. 8 34. 2

0.4 1.2 -- 0.4 0.8

13.4 50. 2 -- 2. 0 32. 6

15. 0 54. 7 -- 3. 5 35. 3

150 psi (HITCO)

HITCO AVERAGE 34.2 14.3 51.5

STD DEV 0.7 0.3 0.8

i000

12.1 3.2 34.3

1.9 0.2 0.7

psi (KAISER)

KAISER AVERAGE 33.2 13.8 53.1 16.7 2.5 34.2

STD DEV 0.9 0.3 1.0 1.4 0.2 0.9



PAGE # 20

FM 5064J UNCURED PREPREG DATA

AVERAGE TEST RESULTS

NAS8-36298

NASA LOT NO. TACK

LOT and 50 psi
NO. SAMPLE 190°F

H_TCO 150osl Ibs

TEST METHOD QAI-5070

#1(H) C02134-$1 55

-El 50

-$2 35

-E2 58

#2(H) D09279-SI 25

#3(H) C02137-SI 30

#4(H) D09315-SI 30

-El 30

#5(H) D09337-$I 31

-$2 29

KAISER lO00Dsl

#1(K) C02135-SI 26

#2(K) D09280-SI 46

-El 40

-$2 36

-E2 26

-$3 30

-E3 24

#3(K) C02138-SI 15

#4(K) D09316-SI 38

-El 42

FM 5064J

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

GEL INFRA- T.G.A. DSC

TIME RED WT LOSS EXOTHERM

325°F IRZB @ 500°C Ist TEMP

sec ratio % oC

PTM-20E CTM-21C CTM-51 CTM-50A

96 0.82 7.9 181

84 0.76 6.6 183
69 0.81 6.4 183

64 0.83 10.5 182

91 0.82 8.8 184

46 0.82 10.1 182

69 0.82 10.5 184
75 0.77 10.9 185

72 0.92 10.3 183

78 0.82 9.9 183

34 0.82 8.9 182

75 0.83 8.7 183

61 0.82 9.3 184

58 0.81 9.2 184

87 0.80 9.3 185

78 0.78 8.6 184
54 0.77 9.8 183

54 0.82 9.2 180

78 0.83 10.7 185

83 0.82 10.7 184

TACK GEL INFRA-

50 psi TIME RED
190°F 325°F IRZB

Ibs seo ratio

35 70 0.81

11 16 0.03

15 34 0.76

58 96 0.92

HITCO AVERAGE

STD DEV

T.G.A. DSC

WT LOSS EXOTHERM

@ 500_C Ist TEMP

% oC

9.3 183

1.3 I

6.4 180

10.9 185

KAISER AVERAGE

STD DEV

37 74 0.82 9.2 183

12 14 0.04 1.7 I

DSC

EXOTHERM

2nd TEMP

oC

CTM-50A

32 66 0.81 9.4 183

10 17 0.02 0.7 2

DSC

EXOTHERM

2nd TEMP

oC



Page #21

NASA LOT NO.

LOT and

NO. SAMPLE

HITCO 150psi

TEST METHOD

#1(H) C02134-SI

-El

-$2

-E2

#2(H) D09279-SI

#3(H) C02137-SI

#4(H) D09315-SI

-El

#5(H) D09337-SI

-$2

KAISER lO00psi

#1(K) C02135-SI

#2(K) D09280-SI

-El

-$2

-E2

-$3

-E3

#3(K) C02138-SI

#4(K) D09316-SI

-El

FM 5064J UNCURED PREPREG DAT_

AVERAGE TEST RESULTS

NAS8-36298

ATOMIC ABSORPTION

Alkaline Impurities

Na K Ca Mg Li TOTAL

ppm ppm ppm ppm ppm ppm

.......... CTM-53B

4 0 1 3 0 8

3 0 1 2 0 6

4 0 1 I 0 6

7 1 0 1 0 9

7 0 11 2 O 20

5 0 0 3 0 8

24 I IO 2 0 37

26 2 I0 2 0 40

12 I 4 1 0 18

15 1 2 I 0 19

PERCENT PERCENT

MOISTURE ASH

% %

2.11 0.20

2.08 0.20

1.96 0.08

1.90 0.22

2.17 0.06

2.04 0.25

2.25 0.03

2.31 0.09

2.44 0.01

2.20 0.00

1 0 0 3 0 4 1.76 0.16

6 0 7 1 0 14 1.93 0.03

7 1 9 2 0 19 2.03 0.05

6 I 7 1 0 15 1.99 0.08

8 I 13 2 0 24 1.92 0.02

7 1 8 2 0 18 1.89 0.03

6 1 12 2 0 21 1.78 0.06

5 O 0 6 0 11 1.76 0.22

25 2 10 2 0 39 2.39 0.09

25 2 5 2 0 34 1.94 0.09

FM 5064J

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

................. ATOMIC ABSORPTION-

Alkaline Impurities

Na K Ca Mg Li TOTAL

ppm ppm ppm ppm ppm ppm

I0 I 6 2 0 19

8 I 5 1 0 11

I O 0 I 0 4

26 2 13 6 0 40

PERCENT PERCENT

MOISTURE ASH

% %

2.04 0. I0

0.20 0.08

1.76 0.00

2.44 0.25

KAISER AVERAGE i0 1 7 2 0 20 1.94 0.08

STD DEV 8 1 4 I 0 I0 O. 19 0.06

H_TCO AVERAGE 11 1 4 2 0 17 2.15 0.11

STD DEV 8 1 5 1 0 13 0.16 0.10



Page #22

LOT AVERAGES

for

LARGE LOTS

HITCO #I C02134

HITCO #4 D09315

HITCO #5 D09337

KAISER #2 D09280

KAISER #4 D09316

FM 5064J UNCURED PREPREG

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

SOXHLET SOXHLET SOXHLET WET

RESIN FILLER CLOTH FLOW

CONTENT CONTENT CONTENT

% % % %

34.9 14.3 50.8 12.5

33.4 14.2 52.4 10.6

33.7 14.9 51.5 11.9

33.6 13.8 52.6 17.0

32.0 14.1 54.0 17.8

VOLATILE

CONTENT

325 "F

%

3.1

3.1

3.3

2.5

2.8

DRY

RESIN

CONTENT

%

34.0

34.2

34.6

34.5

33.1

5064J GRAND AVG. 33.7 14.1 52.3

STD DEV 1.0 0.4 1.2

COUNT 20 20 20

A B_SIS FACTOR 3.295 3.295 3.295

A BASIS MINIMUM 30.5 12.7 48.3

A BASIS MAXIMUM 36.8 15.4 56.3

[A BASIS HITCO]

MIN 4.7 MIN 2.3

MAX 19.6 MAX 4.0

[A BASIS KAISER]

MIN II.i MIN 1.5

MAX 22.2 MAX 3.5

[FACTOR 3.981]

34.2

0.8

20

3.295

31.7

36.8

LOT AVERAGES

for

LARGE LOTS

HITCO #i C02134

HITCO #4 D09315

HITCO #5 D09337

KAISER #2 D09280

KAISER #4 D09316

TACK GEL INFRA-

50 psi TIME RED

190°F 325°F IRZB

Ibs sec ratio

50 78 0.80

30 72 0.80

30 75 0.87

34 69 0.80

40 81 0.82

T. G.A. DSC

WT LOSS EXOTHERM

@ 500°C Ist TEMP

% eC

7.9 182

I0. 7 185

I0. I 183

9. 2 184

I0. 7 185

DSC

EXOTHERM

2nd TEMP

oC

5064J GRAND AVG. 35 70 0.81 9.3 183

STD DEV II 16 0.03 1.3 1

COUNT 20 20 20 20 20

A BASIS FACTOR 3.295 3.295 3.295 3.295 3.295

A BASIS MINIMUM -I 19 0.71 5.1 179

A BASIS MAXIMUM 71 122 0.92 13.5 188

LOT AVERAGES .......

for Alkaline

LARGE LOTS Na K Ca Mg

ppm ppm ppm ppm

HITCO #I C02134 5 0 I 2

HITCO #4 D09315 25 2 I0 2

HITCO #5 D09337 14 1 3 1

KAISER #2 D09280 7 I 9 2

KAISER #4 D09316 25 2 8 2

ATOMIC ABSORPTION

Impurities

Li TOTAL

ppm ppm

0 7

0 39

0 19

0 19

0 37

PERCENT

MOISTURE

%

2.01

2.28

2.32

1.92

2.17

5064J GRAND AVG. I0 1 6 2 0 19

STD DEV 8 1 5 1 0 II

COUNT 20 20 20 20 20 20

A BASIS FACTOR 3.295 3.295 3.295 3.295 3.295 3.295

A BASIS MINIMUM -17 -2 -I0 -2 0 -19

A BASIS MAXIMUM 37 3 21 6 0 56

2. 04

O. 20

20

3. 295

1. 38

2. 70

PERCENT

ASH

%

0.17_

0.06

0.01

0.04

0.09

0. I0

0.08

20

3.295

-0.17

0.36



FM 5_39 UNCURED PREPREG DATA Page #23
AVERAGE TEST RESULTS

NAS8-36298

NASA LOT NO. SOXHLET

LOT and RESIN

NO. SAMPLE CONTENT

%

TEST METHOD CTM-6D

#I C02136-SI 34.5

-$2 32.5

#2 D09318-SI 33.0

-$2 34.4

#3 C02139-SI 35.2

-$2 36.8

#4 D09317-SI 35.2

-$2 35.7

-$3 33.5

-$4 29.0

-$5 34.5

-$6 36.2

#5 D09338-SI 33.7

-$2 34.2

SOXHLET SOXHLET WET VOLATILE DRY

FILLER CLOTH FLOW CONTENT RESIN

CONTENT CONTENT I000 psi 325°F CONTENT

% % % % %

CTM-6D CTM-6D PTM-19G PTM-17B PTM-16F

14.2 51.3 14.8 2.2 34.9

13.3 54.2 10.3 2.2 33.9

13.5 53.6 13.2 3.2 35. I

14.1 51.5 12.7 2.5 41.3

14.4 50.5 17.4 2.4 34.4

15.0 48. I 13.2 2.8 36.0

15. 0 49.8 Ii. 0 2. 4 35. 9

15.2 49.1 17.8 2.4 37.5

14.2 52.3 11.0 2.4 34.2

12.3 58.7 9.5 2.3 30.3

14.7 50.8 18.8 2.6 38.4

15.4 48.4 16.1 2.7 36.4

14.9 51.4 9.0 2.2 37.3

15. 1 50.8 8.6 2.2 34.6

FM 5839

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

LOT

#2 D09281 S1

REJECT $2

AVERAGE

SOXHLET SOXHLET SOXHLET WET VOLATILE DRY

RESIN FILLER CLOTH FLOW CONTENT RESIN

CONTENT CONTENT CONTENT I000 psi 325°F CONTENT

% % % % % %

34. 2 14. 4 51. 5 13. 1 2. 5 35. 7

1.9 0.9 2.7 3.4 0.3 2.5

29.0 12. 3 48. 1 8. 6 2. 2 30. 3

36.8 15.4 58. 7 18. 8 3. 2 41. 3

42.9 17.6 39.5 31.1 2.9 31.7

41.8 17.2 41.0 35.5 3.4 41.6

42.4 17.4 40.3 33.3 3.2 36.7

FM

5839

A

A

A

FM 5839 UNCURED PREPREG

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

LOT

AVERAGES

LOT #I

LOT #2

LOT #3

LOT #4

LOT #5

GRAND AVG. 34.2

STD DEV 1.9

COUNT 14

BASIS FACTOR 3.585

BASIS MINIMUM 27.3

BASIS MAXIMUM 41. 1

SOXHLET SOXHLET SOXHLET WET VOLATILE DRY

RESIN FILLER CLOTH FLOW CONTENT RESIN

CONTENT CONTENT CONTENT i000 psi 325'F CONTENT

% % % % % %

33.5 13.7 52.8 12.6 2.2 34.4

33.7 13.8 52.5 13.0 2.9 38.2

36.0 14.7 49.3 15.3 2.6 35.2

34.0 14.4 51.5 14.0 2.5 35.4

34.0 15.0 51.1 8.8 2.2 36.0

14. 4 51. 5 13. 1 2. 5 35. 7

0.9 2.7 3.4 0.3 2.5

14 14 14 14 14

3. 585 3. 585 3. 585 3. 585 3. 585

11.3 41.7 0.8 1.4 26.6

17. 4 61. 2 25.4 3. 5 44. 9

(NOTE: TOTALS DO NOT INCLUDE LOT #2 REJECT)



FM 5839 UNCURED PREPREG DATA
AVERAGE TEST RESULTS PAGE # 24

NAS8-36298

NASA LOT NO. TACK GEL

LOT and 50 psi TIME
NO. SAMPLE 190°F 325°F

Ibs sec

TEST METHOD QAI-5070 PTM-20E

#I C02136-SI 38 44

-$2 35 43

#2 D09318-$1 15 79

-$2 20 83

#3 C02139-SI 30 32

-$2 32 39

#4 D09317-$1 11 87

-$2 16 97

-$3 I0 82

-$4 9 58

-$5 12 82

-$6 13 84

#5 D09338-SI 11 86

-$2 8 59

FM 5839

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

LOT

#2 D09281 $1

REJECT $2

AVERAGE

INFRA- T.G.A. DSC

RED WT LOSS EXOTHERM

IRZB @ 500°C 1st TEMP

ratio % oC

CTM-21C CTM-51 CTM-50A

0.85 8.0 184

0.85 8.8 183

0.81 7.5 186

0.81 9.4 186

0.85 8.9 183
0.85 9.1 184

0.81 9.4 184

0.80 11.9 184

0.81 8.9 184

0.80 9.0 185

0.81 8.6 185

0.79 I0.0 185

0.84 8.9 184

0.87 9.5 183

TACK GEL INFRA- T.G.A. DSC

50 psi TIME RED WT LOSS EXOTHERM
190°F 325°F IRZB @ 500°C Ist TEMP

Ibs sec ratio % °C

19 68 0.82 9.1 184

11 22 0.02 1.0 1

8 32 0.79 7.5 183

38 97 0.87 11.9 186

26 48 0.78 14.2 185

29 51 0.81 12.6 185

28 50 0.79 13.4 185

DSC

EXOTHERM

2nd TEMP

o C

CTM-50A

DSC

EXOTHERM

2nd TEMP

oC

FM 5839 UNCURED PREPREG

LOT AVERAGES AND STATISTICAL SUMMARY

TACK

LOT 50 psi

AVERAGES 190°F

ibm

LOT #1 37

LOT #2 18

LOT #3 31

LOT #4 12

LOT #5 10

NAS8-36298

M Z _ _

5839 GRAND AVG. 19

STD DEV 11

COUNT 14

A BASIS FACTOR 3.585

A BASIS MINIMUM -19

A BASIS MAXIMUM 56

GEL INFRA- T.G.A.

TIME RED WT LOSS

325"F IRZB @ 500°C

sec ratio

44 0.85 8.4

81 0.81 8.5

36 0.85 9.0

82 0.80 9.6

73 0.85 9.2

68 0.82 9.1

22 0.02 1.0

14 14 14

3.585 3.585 3.585

-9 0.73 5.5

145 0.91 12.7

(NOTE: TOTALS DO NOT INCLUDE LOT #2 REJECT)

DSC DSC

EXOTHERM EXOTHERE

1st TEMP 2nd TEMF

oC o C

184

186

184

185

184

184

1

14

3.585

181

188



FM 5839 UNCURED PREPREG DATA Page #25

NASA LOT NO.

LOT and

NO. SAMPLE

TEST METHOD

#i C02136-SI

-$2

#2 D09318-SI

-$2

#3 C02139-SI

-$2

#4 D09317-SI

-$2

-$3

-$4

-$5

-$6

#5 D09338-SI

-$2

AVERAGE TEST RESULTS

NAS8-36298

ATOMIC ABSORPTION

Alkaline Impurities

Ns K Ca Mg Li TOTAL

ppm ppm ppm ppm ppm ppm
CTM-53B

5 1 13 2 0 21

8 3 5 2 0 18

8 1 27 1 0 37

I0 2 26 2 0 40

7 1 34 2 0 44

8 i 19 8 0 36

31 2 17 1 0 51

36 4 14 3 0 57

29 2 22 1 0 54

29 2 21 1 0 53

30 3 19 I 0 53

33 2 25 i 0 61

20 2 I0 2 0 34

21 3 11 2 0 37

PERCENT PERCENT

MOISTURE ASH

% %

1.82 0.16

1.85 0.23

2.14 0.06

2.17 0.06

1.84 0.24

2.04 0.27

1.95 0.01

2.33 0.04

2.03 0.03

4.48 0.05

2.13 0.08

2.61 0.07

1.99 0.05

2.13 0.05

FM 5839

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

LOT

#2 D09281SI

REJECT $2

AVERAGE

ATOMIC ABSORPTION ....................

Alkallne Impurities PERCENT PERCENT

Na K Ca Mg Li TOTAL MOISTURE ASH

ppm ppm ppm ppm ppm ppm % %

20 2 19 2 0 43 2.25 0. I0

12 I 8 2 0 13 0.68 0.09

5 I 5 I 0 18 1.82 0.01

36 4 34 8 0 61 4.48 0.27

8 1 49 2 0 60 2.45 0.05

8 1 44 2 0 55 2.68 0.06

8 I 47 2 O 58 2.57 0.06

FM

FM 5839 UNCURED PREPREG

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

ATOMIC ABSORPTION

LOT Alkaline Impurities PERCENT

AVERAGES Na K Ca Mg Li TOTAL MOISTURE

ppm ppm ppm ppm ppm ppm %

LOT #I 7 2 9 2 0 20 1.84

LOT #2 9 2 27 2 0 39 2.15

LOT #3 8 1 27 5 0 40 1.94

LOT #4 31 3 20 I 0 55 2.59

LOT #5 21 3 II 2 0 36 2.06

PERCENT

ASH

%

0.20

0.06

0.25

0.04

0.05

5839 GRAND AVG. 20 2 19 2 0 43 2.25

STD DEV 12 1 8 2 0 13 0.68

COUNT 14 14 14 14 14 14 14

A BASIS FACTOR 3.585 3.585 3.585 3.585 3.585 3.585 3.585

A BASIS MINIMUM -22 -I -9 -4 0 -4 -0.17

A BASIS MAXIMUM 61 5 47 9 0 89 4.67

(NOTE: TOTALS DO NOT INCLUDE LOT #2 REJECT)

0. I0

O. 09

14

3. 585

-0. 21

0.41



Page #26

0
Lr_

03_Id3_Id----.LN3J.NO0 3711V70^



2-

ORIGt_/_L-pp,GE tS

OF pOOR QuALI"1"_'

0

O"

CO

t,,,

a4..t

,6

"O

0
ev

z
:Z:

I,,-- U')

0

,..a

.................. NO'I_S'IW_NVI[I I-I_5_d Page #27

o o o o o o o o o o

_,__:_,_:._1 .,.` _ _]i!:_ i-:-:- _;-:_T ,'-'-:-_ _:_ "" "-
._.t_.l _ , il, ], ,, _ ': , . ,,,. ,LJ r] '., --_

, .i _" 0

;- _,,- ...... ,: o0
, _,_:_ _ ,,

.:Z.:-"-'-'- "-.....
i

_,.- ' _=_--- : ....... o'-:_-- ---': --" "- ..... _ _....... o

.... ---.-"- . LilY,_ __ . __ : T--_

o

................._...._.---- - ............ _:____-:-:._i:_ oo
:£:::7-):

............ --- -,---- - .-,_..... _....... ,_ ........ _ ! ,_

_. i
_o__ __.________ __--_ ,-,_ -- o ,-+.-- ,-,-- -- o --_______ ____=On_L-----_==o',-. _--_'o_--_ g

::: "_ :-----'=' .... - .... -----_ --'_ E,--T-_-Z-:-_--
_- .... _, !.-, _ ...... -- .... --_'-,-_- _-:-_" _----_--!-_--:Z±T| "-'_ _ ,-1-... " "_ ..... _-_

_:: ::--4::---:-:._ -_ 2._-:- :_'-z--,_-- ..'-:-:=-_-:--- :::: _.--,-T.'T:-/-'--,-F:"_'_:

_'-w--""-"_'--'-'" _,_ _ i ' !'_': "

_ n , "I"

._..,.__ .._,...._ _-""

,;,:e _: ',, , i " ''' : , ,n : :.. ' ] •

.'I , -- •

• . . I | I . I

iT""
%1 _1 o_o _ o

z z_

r"---? -° ":12",:l-_: .'_ :. :.]'2__1..: .21 : i.-'-'I---.1]-.---I-.- I- _,- _--..:._: i-.:-.:,X--_-_ ....



ORiG!i',!AL, PP.GE IS

OF POOR QUALITY

NOISSIWSNVZLI_D_l'_d
o
o o 0 o o o

0_ c0 I',,, ,o w3

!il ...... _ • '_' ; .... il _•o ==-- ' :li i Ii_,i,,i, i,i'i i, : , ,,i

. _-,Jr:-r", -'_,,: ..,-',l ,,!1, ._-- i "--_----_,i _l: :: _': .

._ ._::i: I _ _... ],-:,! _ ___!t._ T_: n i _: " u .L_-,, ;- ,,

o "- --..... :=q'-Z-g.i '---,_----' _1! :/_-- ----

_ ..... ,_-..... _E_ =_
" ! i!i_' _---

it -

I'%

0 0 0

;._ ::.1 ;..... :t!:I.. :i] :]

d

o
Z

U

G.

_ -"=._" ,_ _.... ,..... , if:-•
"-"_ ,--_--I "'_-_ ,II : .... : •

0
K

Z
L_

....Patje #28

0

!,,

!:., _',':r.." ,'

]! :*i " t'--- ':

-_--------F--
--__ .---_

i

.!

I
,,,,. ,,

/

o!







OMiC_AL r-_GE YS

OF. POOR QUALITY
Page #31

i_

i



ORIGINAL PAGE IS
OF POOR QUALITy

Page #32



ORIGINAL PAGE IS

OE POOR QUALITY

Page #33

° °

q

!i

i " 1 "

i

I

I

I

f

i
I

I I

1

I

i ;!'

i

I

I ;



UR_I',,IALPAGE tS

OF POOR QUALITY

Page #34

!

I

. 1

i

if
I

I



-4 Paae #35

OF POOR QUALITY



c_ C_

0

r_M.
O0

it
÷÷

I I I I

*- I ] 1

Di I I ,Ill

,O_ll I I

Illl

N
.iul_
m __ ,

iii,

i i i i

. IJ
::11

Liii :,

I!Ii

ri

!11
I Ill

I I I I

I ' | ]

, , , ,

iii:,

I I I I

I I 1 !

iili
I I l I

I I I I

iii:

it I I

III!

!!!:

iL:i_

i

:Page #_



Page #37

ORIGInAl- p_GE _$

OF poOR QUALITY

l]
110

t



ORIGINAL pAGE IS

OF POOR QUALITY

Illl

!!!!

lllJ

I}



I*

II.

III.

TABLE OF CONTENTS

CURED PANEL TESTING

NAS8-36298

U.S. Polymeric OoE. 71108

PAGE

SAMPLING PLAN....................................... i

TEST METHODS AND OBSERVATIONS....................... 2

A. Tensile Strength, Modulus and Elongation ........ 2

B. Compressive Strength and Modulus ................ 3

C. Flexural Strength and Modulus ................... 3

D. Specific Gravity ................................ 3

E. Double Shear Strength ........................... 4

F. Barcol Hardness ................................. 4

G. Residual Volatiles .............................. 4

H. Resin Content by Pyrolysis ...................... 5

I. Acetone Extraction .............................. 5

Jo Coefficient of Thermal Expansion (CTE) .......... 6

SUMMARY............................................. 6

TABLES AND CHARTS

Comparative Cured Panel Data ........................ 8

FM 5055B Test Results ............................... ii

FM 5055B Statistical Summary ........................ 14



PAGE

FM 5834 Test Results and Statistical Summary ........ 15

FM 5064J Test Results ............................... 18

FM 5064J Statistical Summary ........................ 21

FM 5839 Test Results and Statistical Summary ........ 22

Typical CTE Curves .................................. 25



PAGE

FM5834 Test Results and Statistical Summary........ 15

FM5064J Test Results ............................... 18

FM5064J Statistical Summary........................ 21

FM5839 Test Results and Statistical Summary........ 22

Typical CTECurves.................................. 25



Page #1

CURED PANEL TESTING

COMMENTS AND OBSERVATION

NAS8-36298

I. SAMPLING PLAN

For the rayon-based fabrics, the resultant prepregs, FM 5055B and FM 5064J,

had 10 yards samples taken from the start and the end of each lO0-pound

prepreg roll. For the spun PAN fabrics, FM 5834 and FM 5839 prepregs were

run to nominal 40-pound roll sizes and were sampled only at the start of

each roll. Where shipment of prepreg was not required, test lots were divided

into two 10-yard rolls and each roll was treated as the sample. Panels

were made using a hydraulic press at 325°F and 1000 psi for a curing duration

of 2 hours for all prepreg types. The panel sizes and the test conducted

from each cured panel are shown below.

CURED PANEL PREPARATIONS

TESTS SIZE FM 5055
(I_S)

SpG, Barcol, Compression
(W), C.T.E.

Tensile (W), Flex 8 x 8

Shear, Acetone Extraction 4 x 4

Residual Volatiles 4 x 4

NUMBER OF PLIES

FM 5834 FM 5064J & FM 5839

6 x 12 10 6 - 8 10

10 7 - 8 10

99 63- 72 105

19 15- 18 21

Note: Carbon bars 5 in. x 1/2 in. x 32 plies were staged 22 mins. at 255°F

and press molded 10 mins. at 325°F and 1000 psi, for resin content

by pyrolysis.
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The variability of FM 5834 including resin content and fabric weights caused

the changes in the number of plies required to make equivalent panel
thicknesses.

The initial run of FM 5839, Lot #2R was outside of the acceptable range
for resin content (42%). Panels were made utilizing this test lot, but

the results obtained were not included in the statistical analysis and

averages. The data for Lot #2Ris included in the center of pages #22 through
#24 and demonstrates where and to what degree the higher resin content effects

the test results. For FM 5064J, identical panels were made for both

fabricators even though the flow and volatile content were produced at
different levels. The average results from lots made for each fabricator

were separately noted on the bottom of pages #18, #19, and #20, but the
calculation for A BASISallowables and the grand totals for FM5064J include

all of the cured panel results. With the exception of residual volatiles,

which indicated that HITCOlots had 30%higher residual volatiles than KAISER

lots and compressive strengths which indicated KAISERlots were almost 20%
higher than the HITCOlots, other cured panel values were within the expected

ranges based upon data scatter. Part of the differences in fabricators

can be explained by the higher resin content of the HITCO lots which is
responsible for the higher residual vols and higher acetone extractables.

II. TEST METHODS AND OBSERVATIONS

A. Tensile Strength, Modulus and Elongation

Tensile samples were cut from a nominal 1/8 inch thick cured panel in

the warp direction and were conducted according to method #1011 of Federal

Test Method Standard #406. For the carbon/phenolics, FM 5834 had a

39% higher tensile strength than FM 5055B with correspondingly higher

modulus and lower elongation. For the carbon/carbon prepregs, the PAN
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based FM 5839 had a slightly lower tensile strength than the WCAfabric

but higher modulus and lower elongation. The variability of spun PANS
is evident in the tensile panels with higher standard deviations than

those based on continuous rayon. There were no significant lot to lot
variations observed.

B. CompressiveStrength and Modulus

Compression samples of the straight side specimen type were cut from
the warp direction of the nominal 1/8 inch thick cured panel and conducted

according to the procedures of FTMS406-1021. As shown on page #8,
the FM5055Bprepreg produced a normally outstanding compression strength

of 56,000 psi, with a standard deviation which was only 5.9% of its

ultimate strength, while SWB-8 at a level of 27,600 psi compression
had a standard deviation of 8.2%. For the carbon/carbon prepregs, FM

5839 surprisingly showed a higher average compressive strength and a
lower standard deviation than its corresponding WCAbased prepreg, FM

5064J. FM5839 maintained a modulus twice as high as FM5064.

C. Flexural Strength and Modulus

Flexural strength samples were cut from the same panel as the tensile

samples and tested using procedure A of FTMS406-1031. In both classes
of prepreg, the ultimate flexura] strength for spun PANfabrics exceeded
the continuous rayon based fabrics, while maintaining a higher modulus

but with the inherent higher variability mentioned previously for spun

PAN. No significant lot to lot variations were noted.

D. Specific Gravity

The specific gravity of a 1/8 inch thick panel measuring 1 in. x I in.
and weighing 3_2-_ gms. was determined by displacement of water. Spun
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PAN prepregs showed higher specific gravities than their rayon

counterparts and with roughly the same amount of standard deviation.

FM 5064 had an unusually low standard deviation of 0.004, but no other

significant lot to lot trends were observed.

E. Double Shear Strength

A three-plate jig, machined to accept a O.375-inch diameter cylinder

of prepreg which was cut from a 1 I/8-inch thick stack of 90-105 cured

plies, was used to determine the shear strength (double shear). The

summary on page #9 shows that for carbon/phenolic prepregs, FM 5055B

was 35% higher than FM 5834; while for carbon/carbon prepregs, the spun

PAN based FM 5839 was 44% higher than WCA. It is generally recognized

that in spun PAN fabrics, the longer the filament length, the lower

the shear values, but the higher the tensile strengths. This trade-off

must be considered in the proper selection of fiber lengths in spun

PAN fabrics.

F. Barcol Hardness

Using a commercially available Barber-Colman Impressor, Model 934-1,

ten measurements were taken of the surface of 1/8-inch thick cured panels.

It should be noted that the FM 5839 registered 10 points higher than

FM 5064J, while the carbon/phenolic prepregs were both in the same general

area. No explanation for the difference in the carbon/carbon prepreg

is readily evident.

G. Residual Volatiles

Three l-inch 2 x I/4-inch thick sections of cured panels were used to

determine the volatile loss after 4 hours in the 325°F forced air oven.

The data indicate that on the average, the resin content of the cured
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panel is a better predictor of residual volatiles than the volatile
level in the uncured prepreg. For example, the volatile content of

uncured FM 5064J prepreg was 2.8% while FM 5839 uncured prepreg was
2.5%. The residual volatiles were 1.43% and 1.76%, respectively, which

follows more closely the increased resin content of the FM 5839. The

higher volatile content of CCA-3 fabric apparently is removed during

prepregging and has no noticeable effect on the residual volatiles of
the FM5055Bcured panel.

H. Resin Content By Pyrolysis

A molded bar, 5 in. x ½ in. x ½ in. thick was burned in a Vycor test

tube under vacuum and an experimentally determined constant applied
to calculate the dry resin content of the cured panel. Both of the

spun PAN based prepregs had the expected higher resin content and
reasonably good agreement was attained when compared to the Soxhlet
resin content of the uncured prepreg, since the prepreg is staged before

molding to eliminate resin flow.

PREPREG TYPE

COMPARISON OF RESIN CONTENTS I%1

BY PYROLYSIS EXTRACTION BY SOXHLET EXTRACTION

FM 5055B 34.6 34.2
FM 5834 36.2 37.3

FM 5064J 31.6 33.7
FM 5839 32.2 34.2

I. Acetone Extraction

Dust from the cutting of the double shear specimen was collected and

a screen-cut made between 40 mesh and 140 mesh. The powder was placed

in the Soxhlet extraction equipment and refluxed with acetone for 4



Page #6

hours. The weight loss is reported as a percentage extractable. The
acetone extractables of greater than 5%for the carbon/carbon prepregs,
FM 5839 and FM 5064J demonstrate that a fraction of USP 39A resin is

not completely cured at 325°F when the panels are made, but fully cures
at a higher temperature range. This higher temperature curing component

helps to relieve internal stresses at elevated temperature and is a

feature of a superior carbon/carbon resin system.

J. Coefficient of Thermal Expansion (CTE)

Four _ in. x _ in. specimens were cut from a 1/8-inch thick cured panel
and the Coefficient of Thermal Expansion measured in both a "with ply"

(along the _-inch dimension) and "cross-ply" (perpendicular to the fabric

plies or through the 1/8-inch thickness) direction. The results reported
are an average of two specimens in each direction. The with-ply CTE's
are measured in line with the plies and are influenced by the fabric

fibers. For spun PAN, basically a zero CTEwas observed. The cross-ply
CTE's were more resin dominated and both types of prepregs were in

generally good agreement in their class. The standard deviations for

these types of measurementare fairly high; approaching _ 50% of the

average value in some cases. Typical CTE curves are attached on pages
#25 through #32. The individual charts for each specimen are included
in the individual lot fingerprints only.

III. SUMMARY

Some of the variations in spun PAN fabrics are reflected by higher standard

deviations of the cured panel strength tests. But the strength variations

are at a lesser degree than variations of physical properties. The most

significant ultimate strength value is the compressive strength of CCA-3

to the level of 56,000 psi. In nozzle design, one of the major loads places

fiber in compression and the higher compressive strength of CCA-3 provides
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an additional safety margin. The tensile, compressive, and strength modulus

of the spun PAN prepregs imply about I/2 of the strain with the same strength

load. Finally, flexural strength is a handy criterion to monitor the

combination of tensile and compressive strengths and both spun PAN prepregs

show improved flex values. For residual volatiles, it becomes apparent

that the resin content and resin selection are prime drivers for the amount

of residual vols; and the acetone extractables on a 325°F cured panel

highlight the components of the resin system which makes an outstanding

carbon/carbon resin system.
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COMPARATIVE CURED PANEL DATA

NAS8-36298

CARBON/PHENOLIC PREPREGS

FM 5055B

TENSILE TENSILE COMPRESSIVE COMPRESSIVE

GRAND STRENGTH MODULUS ELONG STRENGTH MODULUS

TOTAL WARP WARP WARP WARP WARP

ksl mal % ksi msl

AVERAGE 20.16 2.99 1.04 56.20 3.07

STD DEV 1.65 O. 14 O. 09 3. 30 O. 18

MINIMUM 16.67 2.68 0.84 42.67 2.71

MAXIMUM 24,08 3.29 1.26 60,79 3.57

FM 5834

GRAND

TOTAL

TENSILE TENSILE TENSILE COMPRESSIVE COMPRESSIVE

STRENGTH MODULUS ELONG STRENGTH MODULUS

WARP WARP WARP WARP WARP

ksi msl % ksl msl

AVERAGE 28.06 5.29 0.60 27.61 5.25

STD DEV 3.36 0.67 0.06 2.27 0.73

MINIMUM 21,84 4.22 0.50 24.03 4.55

MAXIMUM 33.48 6.41 0.71 32.49 6.80

CARBON/CARBON PREPREGS

FM 5064J

GRAND

TOTAL

TENSILE TENSILE TENSILE COMPRESSIVE COMPRESSIVE

STRENGTH MODULUS ELONG STRENGTH MODULUS

WARP WARP WARP WARP WARP

ksl msl % ksl msl

AVERAGE 19.74 2.04 1.23 18.75 2.14

STD DEV 0.80 0.13 0.14 2,90 0.12

MINIMUM 18.91 1.81 0.97 14.32 2.02

MAXIMUM 21.89 2.37 1.47 24.51 2.51

FM 5839

TENSILE TENSILE TENSILE COMPRESSIVE COMPRESSIVE

GRAND STRENGTH MODULUS ELONG STRENGTH MODULUS

TOTAL WARP WARP WARP WARP WARP

ksi msi % ksl msi

AVERAGE 16.71 4.05 0.82 22.26 4.49

STD DEV 3.03 0.57 0.15 1.73 0.78

MINIMUM 13.04 2.89 0.56 19.63 3.38

MAXIMUM 23.81 4.88 1.06 24.97 5.98



COMPARATIVECUREDPANEL

NAS8-36298

CARBON/PHENOLICPREPREGS

DATA

Page #9

FM 5055B

FLEXURAL FLEXURAL SPECIFIC DOUBLE BARCOL

GRAND STRENGTH MODULUS GRAVITY SHEAR HARDNESS

TOTAL WARP WARP CURED STRENGTH CURED

ksi msl units ksi units

AVERAGE 33.29 2.72 1.473 4.58 72.6

STD DEV 2.57 0.22 0.012 0.51 1.1

MINIMUM 28.79 1.96 1.421 3.36 70.4

MAXIMUM 41.10 3.19 1.487 6.16 75.0

FM 5834

....... FLEXURAL FLEXURAL SPECIFIC DOUBLE BARCOL

GRAND STRENGTH MODULUS GRAVITY SHEAR HARDNESS

TOTAL WARP WARP CURED STRENGTH CURED

ksi msi units ksi units

AVERAGE 41.97 4.70 1.507 3.40 70.7

STD DEV 4.17 0.43 0.015 0.34 1.3

MINIMUM 35.49 4.06 1.466 2.60 68.80

MAXIMUM 49.84 5.65 1.522 3.99 73.10

CARBON/CARBON PREPREGS

FM 5064J

FLEXURAL FLEXURAL SPECIFIC DOUBLE BARCOL

GRAND STRENGTH MODULUS GRAVITY SHEAR HARDNESS

TOTAL WARP WARP CURED STRENGTH CURED

ksl msl units ksl units

AVERAGE 28.05 1.89 1.430 2.53 59.8

STD DEV 1.77 0.21 0.004 0.16 2.8

MINIMUM 25.19 1.59 1.422 2.28 52.40

MAXIMUM 31.86 2.26 1.435 2.82 63.40

FM 5839

GRAND

FLEXURAL FLEXURAL SPECIFIC DOUBLE BARCOL

STRENGTH MODULUS GRAVITY SHEAR HARDNESS

WARP WARP CURED STRENGTH CURED

ksi msi units ksi units

33.06 3.92 1.564 3.64 69.7

3.93 0.63 0.011 0.38 1.3

24.78 2.68 1.547 3.03 67.50

37.74 5.30 1.590 4.26 72.5

AVERAGE

STD DEV

MINIMUM

MAXIMUM

TOTAL
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COMPARATIVE CURED PANEL DATA

NAS8-36298

CARBON/PHENOLIC

FM 5055B

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

PREPREGS

RESIDUAL RESIN ACETONE

VOLATILES CONTENT EXTRACTION

CURED PYROLYSIS CURED

% X %

1.84 34.57 0.73

0.29 1.33 1.90

1.18 32.20 -8.29

2.58 38.47 2.74

C. T.E. C.T.E.

WITH CROSS

PLY PLY

uln/in°F uin/inOF

4.63 7.67

0.92 i. 32

2. 82 4. 45

7.58 10.84

FM 5834

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

RESIDUAL RESIN

VOLATILES CONTENT

CURED PYROLYSIS

% %

2.28 36.19

0.27 2.07

1.69 31.78

2.66 39.40

ACETONE C.T.E. C.T.E.

EXTRACTION WITH CROSS

CURED PLY PLY

% uin/inOF uin/inOF

1.23 -0.07 11.94

1.84 1.30 1.84

-0.87 -3.07 8.57

5.51 1.51 15.69

CARBON/CARBON PREPREGS

FM 5064J

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

RESIDUAL RESIN ACETONE C.T.E. C.T.E.

VOLATILES CONTENT EXTRACTION WITH CROSS

CURED PYROLYSIS CURED PLY PLY
% % X uin/in°F uin/in°F

1.43 31.62 5.71 2.60 5.49

0.26 0.94 1.02 1.06 3.10

0.93 29.38 3.56 -1.07 2.52

1.87 32.84 7.36 3.98 14.32

FM 5839

======= RESIDUAL RESIN ACETONE C.T.E. C.T.E.

GRAND VOLATILES CONTENT EXTRACTION WITH CROSS

TOTAL CURED PYROLYSIS CURED PLY PLY
X X X uin/in°F uin/in°F

AVERAGE 1.7_ 32.24 5.17 -0.63 6.88
STD DEV 0.23 1.55 1.00 0.72 3.95

MINIMUM 1.19 30.30 3.31 -1.81 3.14

MAXIMUM 1.98 34.21 6.81 0.49 16.44



Page #11

FM 5055B CURED PANEL DATA
AVERAGE TEST RESULTS

NAS8-36298

NASA LOT NO. TENSILE TENSILE TENSILE
LOT and STRENGTH MODULUS ELONG
NO. SAMPLE WARP WARP WARP

ksi msi %
TEST METHOD 406-1011 406-1011 406-1011

#I D09256-SI 21.44 2.68 1.16
-El 19.57 2.79 1.06
-$2 18.90 2.71 0.97
-E2 21.34 3.07 1.09
-$3 19.97 2.84 1.02
-E3 18.76 2.94 0.95
-$4 18.17 2.89 1.00
-E4 19.08 2.82 1.04
-$5 18.84 2.72 1.03
-E6 20.43 3.00 1.04
-$6 22.62 2.95 1.20
-E6 19.37 2.87 1.07
-$7 21.61 3.03 1.14
-E7 19.76 2.93 1.07
-$8 20.21 2.99 1.01
-E8 20.16 2.99 1.05
-$9 21.75 2.94 1.05
-E9 24.08 3.12 1.17

#2 D09274-SI 18.87 3.09 0.91
-El 19.63 3.15 0.94
-$2 19.71 3.22 0.89
-E2 19.08 3.04 0.96

-$3 17.24 2.92 0.84
-E3 18.44 3.16 0.85
-$4 19.49 3.16 0.88
-E4 19.04 3.29 1.00
-$5 16.77 2.94 0.93
-E5 18.59 3.16 0.99
-$6 18.74 2.93 1.01
-E6 16.67 2.91 0.93
-$7 21.33 2.96 I. II
-E7 20.48 3.02 1.03
-$8 20.96 3.01 1.09
-E8 19.15 3.00 0.93
-E9 19.74 2.94 1.02

#3 C02133-$1 20.80 2.95 1.12
-El 20.83 3.18 0.99
-$2 19.41 2.97 1.03
-E2 22.71 3.21 1.11
-$3 19.93 2.95 1.02
-E3 23.68 3.05 1.26
-$4 22.25 3.07 1.14
-E4 20.85 3.02 1.03
-$5 20.65 2.88 1.10
-E5 19.87 2.90 1.07
-$6 22.53 3.14 1.17
-E6 21.71 2.96 i. I0
-$7 21.17 3.18 1.12
-E7 20.57 3.12 1.04

#4 D09313- I 18.00 2.81 0.93
- 2 18.74 2.90 0.94

#5 D09335- 1 22.74 2.91 1.18
- 2 22.22 3.00 I. 10

GRAND STRENGTH MODULUS ELONG
TOTAL WARP WARP WARP

ksi ms£ %

AVERAGE 20.16 2.99 1.04
STD DEV 1.65 0.14 0.09
MINIMUM 16.67 2.68 0.84
MAXIMUM 24.08 3.29 1.26

COMPRESSIVE COMPRESSIVE
STRENGTH MODULUS

WARP WARP
ksi msi

406-1021 406-1021
57.66 3.22
54.24 3.22
58.98 3.38
58.39 3.57
55.44 3.51
57.27 3.15
54.69 3.18
59.59 3.07
60.79 3.04
57.49 3.04
56.02 3.24
57.83 3.07
56.30 3.15
54.70 3.19
54.88 3.20
58.58 3.25
57.03 3.24
58.25 2.96

55.20 3.07
58.17 3.01
58.54 2.77
53.94 2.80

59.20 3.24
60.14 3.06
48.75 2.86
53.85 2.73
42.67 2.86
58.03 2.74
50.30 2.85
53.94 2.71
56.97 3.05
58.00 3.02
56.21 2.97
55.22 3.06
55.53 3.06
60.27 3.13
59.78 3.08
59.42 3.15
58.79 3.08
55.45 3.12
58.95 2.93
59.58 3.10
59.68 3.13
53.24 3.39
56.00 3.11
50.63 3.09
53.41 3.17
56.58 3.12
55.88 3.16
54.99 2.95
52.00 2.74
52.90 2.98
58.31 2.90

COMPRESSIVE COMPRESSIVE
STRENGTH MODULUS

WARP WARP
ksl msl

56.20 3.07
3.30 0.18

42.67 2.71
60.79 3.57
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NASA LOT NO.
LOT and
NO. SAMPLE

TEST METHOD
#I D09256-SI

-El
-$2
-E2
-$3
-E3
-$4
-E4
-$5
-E6
-$6
-E6
-$7
-E7
-$8
-E8
-$9
-E9

#2 D09274-SI
-El
-$2
-E2
-$3
-E3
-$4
-E4
-$5
-E5
-$6
-E6
-$7
-E7
-$8
-E8
-E9

#3 C02133-SI
-El
-$2
-E2
-$3
-E3
-$4
-E4
-$5
-E5
-$6
-E6
-$7
-E7

#4 D09313- I
- 2

#5 D09335- I
- 2

FM 5055B CURED PANEL DATA

AVERAGE TEST RESULTS

NAS8-36298

FLEXURAL FLEXURAL SPECIFIC DOUBLE BARCOL
STRENGTH MODULUS GRAVITY SHEAR HARDNESS

WARP WARP CURED STRENGTH CURED
ksi msl units ksi units

406-1031 406-1031 D-792 406-I041A D-2583
31.43 2.34 1.471 4.18 72.9
32.61 2.32 1.476 4.03 71.9
32.65 2.20 1.475 3.74 73.8
33.62 1.96 1.477 4.64 73.9
28.99 2.28 1.478 4.36 74.6
28.79 2.47 1.469 4.12 72.9
32.06 2.74 1.475 4.45 73.6
34.13 2.84 1.451 4.46 73.3
33.77 2.72 1.466 3.91 73.0
32.70 2.68 1.464 4.50 74.8
36.84 2.91 1.479 4.71 71.0
34.09 3.17 1.475 4.74 74.0
33.17 2.92 1.478 4.88 72.5
34.94 2.95 1.476 4.79 73.6
33.64 2.66 1.472 4.44 71.5
34.14 2.67 1.480 4.11 71.3
34.95 2.68 1.484 4.26 73.1
37.35 2.75 1.448 4.00 71.9
29.78 2.76 1.485 3.86 71.8
34.01 2.58 1.456 4.47 72.3
33.90 2.82 1.462 4.25 71.8
31.96 2.98 1.472 4.16 73.4
29.46 2.86 1.487 4.48 71.9
31.18 2.69 1.481 4.09 71.2
32.93 2.82 1.483 3.36 72.0
29.98 2.83 1.472 4.56 72.3
29.47 2.72 1.480 4.33 72.1
32.59 2.74 1.470 4.53 72.2
29.06 2.63 1.482 4.69 70.7
30.48 2.68 1.476 3.87 71.6
35.35 2.97 1.481 5.50 73.2
32.40 2.98 1.475 5.13 72.5
34.29 2.95 1.479 4.87 73.0
34.92 3.00 1.477 5.48 73.6
32.16 2.97 1.480 4.98 72.4
36.69 2.72 1.477 5.38 72.0
37.73 2.87 1.445 6.16 75.0
32.60 2.66 1.483 4.49 72.9
38.30 2.77 1.421 4.64 70.4
35.47 2.74 1.483 5.33 71.0
41.10 2.82 1.481 4.40 73.0
33.90 2.58 1.479 4.90 72.0
33.91 2.63 1.469 4.39 73.0
36.51 3.19 1.484 5.23 71.2
31.35 2.61 1.478 5.03 74.6
34.18 2.58 1.481 4.93 73.7
34.78 2.70 1.486 5.24 73.3
30.87 2.67 1.482 4.86 74.0
33.95 2.61 1.480 5.04 73.0
31.13 2.80 1.476 4.66 72.5
29.69 2.85 1.453 4.17 71.3
34.09 2.75 1.478 4.44 71.5
34.47 2.57 1.466 4.73 72.9

Z_I__5B
_'_-AN D
TOTAL

AVERAGE
STD DEV
MINIMUM
MAXIMUM

FLEXURAL FLEXURAL SPECIFIC DOUBLE BARCOL
STRENGTH MODULUS GRAVITY SHEAR HARDNESS

WARP WARP CURED STRENGTH CURED
ksl msi units kmi units

33.29 2.72 1.473 4.58 72.6
2.57 0.22 0.012 0.51 1.1

28.79 1.96 1.421 3.36 70.4
41. I0 3.19 1.487 6.16 75.0



Page #13

FM 5055B CURED PANEL DATO
AVERAGE TEST RESULTS

NAS8-36298

NASA LQT NO.
LOT and
NO. SAMPLE

RESIDUAL RESIN
VOLATILES CONTENT

CURED PYROLYSIS
% %

PTM-98 CTM-14B
1.67 34.95
1.53 33.86

1.76 33.64
2.20 34.58
1.67 33.70
1.87 34.41
1.78 36.20
1.91 35.22
1.85 34.94
2.00 33.52
2.00 33.61
1.92 33.65
2.13 35.04
2.18 32.65
1.79 33.82
1.72 33.35
1.54 34.40
1.74 36.30
2.21 36.17
2.31 35.86
2.01 35.25
2.32 34.61

1.79 35.34
2.45 35.31
2.56 32.47
2.41 34.52

1.49 35.64
1.52 34.00
1.54 34.10
2.18 34.33
1.66 33.90
1.70 37.24
1.18 35.50
1.77 38.47
1.81 36.73
1.66 34.38
1.97 32.63
2.16 34.54
1.59 32.21

1.78 34.57
1.90 33.97
1.99 32.55
1.52 32.38
2.00 35.20
1.85 34.00
1.64 35.06
1.74 34.46
1.97 36.36
1.91 34.26
1.33 33.94
1.56 35.30
1.39 32.20

ACETONE C.T.E. C.T.E.
EXTRACTION WITH CROSS

CURED PLY PLY
% uin/in°F uin/in _F

TEST METHOD CTM-18A PTM-61B PTM-61B
#I D09256-$1 2.23 3.13 6.89

-El 2.13 4.17 7.60

-$2 2.41 3.73 5.38
-E2 2.66 3.46 8.15
-$3 2.30 3.41 5.79
-E3 1.97 3.86 8.69
-$4 2.14 3.76 5.74
-E4 1.92 3.32 7.32
-$5 2.33 3.73 8.16
-E6 2.05 5.07 7.03
-$6 1.83 2.82 7.62
-E6 1.86 4.31 8.53
-$7 2.11 4.41 5.87
-E7 1.56 4.64 6.97
-$8 1.81 4.74 9.58
-E8 1.99 4.77 8.70
-$9 1.78 4.52 6.89
-E9 1.21 3.77 7.46

#2 D09274-$1 0.28 5.37 6.50
-El 0.25 5.44 10.43
-$2 0.13 4.88 8.78
-E2 0.46 5.92 9.31

-$3 -0.24 4.91 10.18
-E3 -0.05 2.99 7.59
-$4 O. I0 5.12 8.68
-E4 -0.41 4.11 6.65
-$5 -0.09 3.97 7.24
-E5 -0.35 4.72 8.47
-$6 0.17 7.58 6.42
-E6 0.09 5.48 8.59

-$7 0.18 4.55 8.12
-E7 0.32 4.28 8.84
-$8 0.47 5.06 6.38
-E8 -0.03 4.75 7.56
-E9 -0.38 6.71 8.62

#3 C02133-$1 1.74 5.00 6.25
-El 0.88 5.38 9.05
-$2 -0.20 5.51 7.34
-E2 1.43 5.52 7.45
-$3 0.53 4.25 6.29
-E3 1.24 4.77 8.15
-$4 1.38 5.23 7.82
-E4 0.91 4.32 6.66
-$5 1.89 4.87 7.44
-E5 1.75 5.28 7.80
-$6 -1.32 6.13 10.84
-E6 -1.69 4.97 8.80
-$7 -5.81 5.63 9.05
-E7 -8.29 4.48 8.75

#4 D09313- 1 0.57 3.92 6.07
- 2 1.25 4.12 6.93

#5 D09335- 1 2.60 3.63 4.45
- 2 1.60 36.74 2.74 5.00 6.53

.................................

F-_ - RESIDUAL -RESIN-- -ACETONE .... C_T_E_
GRAND VOLATILES CONTENT EXTRACTION WITH
TOTAL CURED PYROLYSIS CURED PLY

% % % uln/in°F

AVERAGE 1.84 34.57 0.23 4.63
STD DEV 0.29 1.33 1.90 0.92
MINIMUM 1.18 32.20 -8.29 2.82
MAXIMUM 2.56 38.47 2.74 7.58

C. T. E.
CROSS
PLY

uln/in °F

7.67
1.32
4.45

I0. 84



FM 5055B CURED PANEL

LOT AVERAGES AND STATISTICAL SUMMARY

Page #14

NAS8-36298

LOT TENSILE TENSILE TENSILE

AVERAGES STRENGTH MODULUS ELONG

WARP WARP WARP

ksi msl %

LOT #I 20.34 2.90 1.06

LOT #2 19.05 3.06 0.96

LOT #3 21.21 3.04 1.09

LOT #4 18.37 2.86 0.93

LOT #5 22.48 2.95 1.14

COMPRESSIVE COMPRESSIVE

STRENGTH MODULUS

WARP WARP

ksi msi

57.12 3.20

54.98 2.93

56.98 3.13

53.49 2.85

55.60 2.94

FM ============================================== .............

5055B GRAND AVG. 20.16 2.99 1.04 56.20 3.07

STD DEV 1.65 0.14 0.09 3.30 O. 18

COUNT 53 53 53 53 53

A BASIS FACTOR 2.844 2.844 2.844 2.844 2.844

BASIS MINIMUM 15.48 2.60 0.77 46.81 2.55

A BASIS MAXIMUM 24.85 3.38 1.30 65.59 3.60

LOT FLEXURAL FLEXURAL SPECIFIC

AVERAGES STRENGTH MODULUS GRAVITY

WARP WARP CURED

ksi msi units

LOT #I 33.33 2.62 1.472

LOT #2 32.00 2.82 1.476

LOT #3 35.10 2.72 1.473

LOT #4 30.41 2.83 1.464

LOT #5 34.28 2.66 1.472

DOUBLE BARCOL

SHEAR HARDNESS

STRENGTH CURED

ksi units

4.35 73.0

4.51 72.2

5.00 72.8

4.42 71.9

4.58 72.2

FM =:::=::=::===:====:==:======::=:=:=:=:= ..........

5055B GRAND AVG. 33.29 2.72 1.473

STD DEV 2.57 0.22 0.012

COUNT 53 53 53

BASIS FACTOR 2.844 2.844 2.844

A BASIS MINIMUM 25.97 2.08 1.439

A BASIS MAXIMUM 40.61 3.36 1.508

4. 58 72.6

0.51 I.I

53 53

2. 844 2. 844

3. 12 69. 5

6.04 75. 7

LOT RESIDUAL RESIN ACETONE C.T.E. C.T.E.

AVERAGES VOLATILES CONTENT EXTRACTION WITH CROSS

CURED PYROLYSIS CURED PLY PLY

% % % uin/in _ uin/in 5 r

LOT #1 1.85 34.32 2.02 3.98 7.35

LOT #2 1.93 35.26 0.05 5.05 8.14

LOT #3 1.83 34.04 -0.40 5.09 7.98

LOT #4 1.45 34.62 0.91 4.02 6.50

LOT #5 1.50 34.47 2.67 4.31 5.49

5055B GRAND AVG. 1.84 34.57 0.73 4.63 7.67

STD DEV 0.29 1.33 1.90 0.92 1.32

COUNT 53 53 53 53 53

A BASIS FACTOR 2.844 2.844 2.844 2.844 2.844

A BASIS MINIMUM 1.01 30.79 -4.68 2.02 3.92

A BASIS MAXIMUM 2.68 38.35 6.15 7.24 11.41



FM 5834 CURED PANEL DATA

AVERAGE TEST RESULTS

NAS8-36298
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NASA LOT NO. TENSILE TENSILE TENSILE

LOT and STRENGTH MODULUS ELONG

NO. SAMPLE WARP WARP WARP

ksl msi %

TEST METHOD 406-1011 406-1011 406-1011

#I D09255- I 33.48 6.32 0.59

- 2 29.02 5.89 0.52

#2 D09275-SI 24.15 4.99 0.55

-$2 23.64 4.99 0.59

-$3 28.27 5.00 0.63

-$4 25.60 5.45 0.55

-$5 21.84 4.22 0.62

-$6 29.98 5.86 0.56

-$7 26.70 5.49 0.60

#3 D09233- 1 30.53 5.92 0.62

- 2 31.01 6.41 0.50

#4 D09314- I 33.19 5.00 0.69

- 2 26.95 4.69 0.65

#5 D09336- I 28.63 4.51 0.71

- 2 27.88 4.63 0.69

FM 5834

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

TENSILE TENSILE TENSILE

STRENGTH MODULUS ELONG

WARP WARP WARP

ksl msl %

28.06 5.29 0.60

3.36 0.67 0.06

21.84 4.22 0.50

33.48 6.41 0.71

COMPRESSIVE COMPRESSIVE

STRENGTH MODULUS

WARP WARP

ksl msi

406-1021 406-1021

27.01 6.11

25.19 6.43

24.90 4.97

24.03 4.55

27.05 4.82

26.12 5.14

25.91 4.78

28.36 4.80

28.27 4.77

29.92 6.11

28.80 6.80

32.49 5.09

27.55 4.72

30.56 4.81

28.03 4.82

COMPRESSIVE COMPRESSIVE

STRENGTH MODULUS

WARP WARP

ksl msi

27.61 5.25

2.27 0.73

24.03 4.55

32.49 6.80

FM 5834 CURED PANEL

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

LOT

AVERAGES

FM

5834

LOT #I

LOT #2

LOT #3

LOT #4

LOT #5

GRAND AVG

STD DEV

COUNT

A BASIS FACTOR

A BASIS MINIMUM

A BASIS MAXIMUM

TENSILE TENSILE

STRENGTH MODULUS

WARP WARP

ksl msi

31.25 6.11

25.74 5.14

30.77 6.17

30.07 4.84

28.26 4.57

TENSILE COMPRESSIVE COMPRESSIVE

ELONG STRENGTH MODULUS

WARP WARP WARP

% ksi msi

0.55 26.10 6.27

0.59 26.38 4.83

0.56 29.36 6.45

0.67 30.02 4.91

0.70 29.30 4.81

28.06 5.29 0.60 27.61 5.25

3.36 0.67 0.06 2.27 0.73

15 15 15 15 15

3.520 3.520 3.520 3.520 3.520

16.23 2.92 0.38 19.61 2.69

39.89 7.67 0.82 35.61 7.80
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NASA LOT NO.

LOT _nd

NO. SAMPLE

TEST METHOD

#I D09255- 1

- 2

#2 D09275-$1

-$2

-$3

-$4

-$5

-$6

-$7

#3 D09233- 1

- 2

#4 D09314- 1

- 2

#5 D09336- 1

- 2

FM 5834 CURED PANEL DATA

AVERAGE TEST RESULTS

NAS8-36298

FLEXURAL FLEXURAL SPECIFIC

STRENGTH MODULUS GRAVITY

WARP WARP CURED

ksi msl units

406-1031 406-1031 D-792

45.95 4.87 1.522

41.99 4.52 1.519

38.26 4.26 1.513

35.49 4.39 1.522

45.46 5.65 1.500

37.77 4.44 1.520

35.88 4.06 1.507

43.66 5.06 1.491

41.29 4.66 1.512

43.67 4.81 1.511

46.59 5.50 1.518

49.84 4.65 1.498

42.36 4.66 1.466

43.07 4.59 1.497

38.28 4.35 1.504

DOUBLE

SHEAR

STRENGTH

ksi

406-I041A

2.60

3.12

3.40

3.25

3.51

3.64

3.39

3.32

3.54

3.80

3.99

3.36

3.08

3.72

3.24

BARCOL

HARDNESS

CURED

units

D-2583

69.0

70.9

69.5

68.8

70.5

70.4

69.7

70.8

72.4

73.1

73.0

70.2

71.1

70.6

70.9

FM 5834

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

FLEXURAL FLEXURAL SPECIFIC DOUBLE

STRENGTH MODULUS GRAVITY SHEAR

WARP WARP CURED STRENGTH

ksi msl units ksl

41.97 4.70 1.507 3.40

4.17 0.43 0.015 0.34

35.49 4.06 1.466 2.60

49.84 5.65 1.522 3.99

BARCOL

HARDNESS

CURED

units

70.7

1.3

68.8

73.1

FM 5834 CURED PANEL

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

LOT

AVERAGES

LOT #1

LOT #2

LOT #3

LOT #4

LOT #5

FM ======== .......

5834 GRAND AVG 41.97

STD DEV 4.17

COUNT 15

A BASIS FACTOR 3.520

A BASIS MINIMUM 27.31

A BASIS MAXIMUM 56.63

FLEXURAL FLEXURAL SPECIFIC DOUBLE

STRENGTH MODULUS GRAVITY SHEAR

WARP WARP CURED STRENGTH

ksi msl units ksi

43.97 4.70 1.520 2.86

39.69 4.65 1.509 3.44

45.13 5.15 1.514 3.90

46.10 4.66 1.482 3.22

40.68 4.47 1.501 3.48

gZ_

BARCOL

HARDNESS

CURED

units

70.0

70.3

73.1

70.7

70.8

4.70 1.507 3.40 70.7

0.43 0.015 0.34 1.3

15 15 15 15

3.520 3.520 3.520 3.520

3.17 1.454 2.21 66.2

6.23 1.559 4.58 75.3



FM 5834 CURED PANEL, DATA PAGE # 17

NASA LOT NO.

LOT and

NO. SAMPLE

TEST METHOD

#I D09255- 1

- 2

#2 D09275-$I

-$2

-$3

-$4

-$5

-$6

-$7

#3 D09233- 1

- 2

#4 D09314- 1

- 2

#5 D09336- 1

- 2

AVERAGE TEST RESULTS

NAS8-36298

RESIDUAL RESIN ACETONE

VOLATILES CONTENT EXTRACTION

CURED PYROLYSIS CURED

% % %

PTM-98 CTM-14B CTM-18A

2.29 34.19 -0.76

2.14 34.04 -0.87

2.34 38.81 0.58

2.33 36.10 0.30

2.62 35.56 0.38

2.33 37.05 0.98

2.66 36.73 0.66

2.42 39.40 1.01

2.44 35.01 -0.13

1.72 35.14 1.11

1.69 31.78 1.01

2.25 38.06 5.23

2.38 35.15 5.51

2.20 37.59 2.01

2.11 38.21 1.42

C. T.E. C.T.E

WITH CROSS

PLY PLY

uin/in F uin/in F

PTM-61B PTM-61B

-2.06 II. 48

-2.08 12.78

O. 40 I i. 62

O. 62 I I. 19

-0. 39 I I. 20

0.60 13. 38

0. 98 12. 94

0. 44 15.69

-3.07 14.24

O. 52 I0. 42

O. 33 9.09

1. 51 11.99

O. 84 12.96

O. 52 11.55

-0.20 8.57

FM 5834

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

RESIDUAL RESIN ACETONE

VOLATILES CONTENT EXTRACTION

CURED PYROLYSIS CURED

X % %

2.26 36.19 1.23

0.27 2.07 1.84

1.69 31.78 -0.87

2.66 39.40 5.51

C. T.E. C.T.E.

WITH CROSS

PLY PLY

uin/in F uln/in F

-0.07 I I. 94

1. 30 1. 84

-3.07 8. 57
I. 51 15.69

FM 5834 CURED PANEL

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

FM

5834

LOT RESIDUAL RESIN ACETONE

AVERAGES VOLATILES CONTENT EXTRACTION

CURED PYROLYSIS CURED

% % %

LOT #1 2.22 34.11 -0.81

LOT #2 2.45 36.95 0.54

LOT #3 1.70 33.46 1.06

LOT #4 2.32 36.60 5.37

LOT #5 2.

GRAND AVG 2.

STD DEV

COUNT

A BASIS FACTOR

A BASIS MINIMUM

A BASIS MAXIMUM

16 37.90 1.71

26 36.19 1.23

0.27 2.07 1.84

15 15 15

3.520 3.520 3.520

1.30 28.92 -5.26

3.22 43.46 7.72

C.T.E. C.T.E

WITH CROSS

PLY PLY

uin/in F uin/in F

-2.06 12.13

-0.06 12.89

0.42 9.76

1.18 12.47

0.16 10.06

-0.07 11.94

1.30 1.84

15 15

3.520 3.520

-4.65 5.45

4.51 18.42
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FM 5064J CURED PANEL DATA

AVERAGE TEST RESULTS

NAS8-36298

NASA LOT NO. TENSILE TENSILE TENSILE

LOT and STRENGTH MODULUS ELONG

NO. SAMPLE WARP WARP WARP

HITCO 150 psi ksl msl %

TEST METHOD 406-1011 406-1011 406-101

#1(H) C02134-SI 19.42 2.00 1.36

-El 19.13 1.94 1.31

-$2 19.06 1.92 1.35

-E2 20.79 2.08 1.46

#2(H) D09279-SI 19.16 1.81 1.21

#3(H) C02137-$1 19.93 1.95 1.27

#4(H) D09315-$1 20.40 2.09 1.29

-El 20.62 1.97 1.30

#5(H) D09337- I 19.66 1.90 1.28

- 2 21.89 1.99 1.37

KAISER I000 psi

COMPRESSIVE COMPRESSIVE

STRENGTH MODULUS

WARP WARP

ksl msi

406-1021 406-I021

18.28 2.30

15.68 2.23

16.39 2.09

19.74 2.14

15.81 2.07

18.33 2.26

15.03 2.06

19.83 2.04

17.49 2.13

14.42 2.18

#1(K) C02135-$1 20.61 1.96 1.47 14.32 2.51

#2(K) D09280-$1 20.07 2. 19 1.01 20.36 2.07

-El 19.00 2.08 1.09 22.65 2.04

-$2 19.21 2.15 1.10 22.04 2.07

-E2 19.04 2.10 1.09 22.68 2.26

-$3 19.27 2.17 1.15 24.51 2.05

-E3 18.91 2.37 0.97 19.69 2. 17

#3(K) C02138-$1 18.92 1.91 1.16 18.91 2.15

#4(K) D09316-$1 19.56 2.13 1.18 19.81 2.02

-El 20.04 2.15 1.27 19.12 2.06

FM 5064J TENSILE TENSILE TENSILE

GRAND STRENGTH MODULUS ELONG

TOTAL WARP WARP WARP

ksi msl %

AVERAGE 19.74 2.04 1.23

STD DEV 0.80 0.13 0.14

MINIMUM 18.91 1.81 0.97

MAXIMUM 21.89 2.37 1.47

COMPRESSIVE COMPRESSIVE

STRENGTH MODULUS

WARP WARP

ksl msi

18.75 2.14

2.90 0.12

14.32 2.02

24.51 2.51

KAISER AVERAGE 19.46 2.12 1,15 20.41 2.14

STD DEV 0.59 0.13 0.14 2.82 0.15

HITCO AVERAGE 20.01 1.97 1.32 17.10 2.15

STD DEV 0.91 0.08 0.07 1.92 0.09
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NASA LOT NO.

LOT and

NO. SAMPLE

HITCO

#1(H)

FM 5064J CURED PANEL DATA

AVERAGE TEST RESULTS

NAS8-36298

FLEXURAL

STRENGTH

WARP

_50 psi ksi

TEST METHOD 406-1031

C02134-$1 27.69

-El 26.72

-$2 25.49

-E2 26.33

#2(H) D09279-SI 27.43

#3(H) C02137-SI 28.48

#4(H) D09315-SI 27.24

-El 29.94

#5(H) D09337- 1 28.38

- 2 25.19

KAISER I000 psi

#1(K) C02135-SI 28.60

#2(K) D09280-$1 29.09

-El 29.26

-$2 28.55

-E2 31.86

-$3 31.75

-E3 26.50

#3(K} C02138-SI 27.15

#4(K) D09316-SI 27.34

-El 27.91

FM 5064J

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

FLEXURAL

STRENGTH

WARP

ksi

28.05

1.77

25.19

31.86

FLEXURAL SPECIFIC DOUBLE BARCOL

MODULUS GRAVITY SHEAR HARDNESS

WARP CURED STRENGTH CURED

msl units ksl units

406-1031 D-792 406-1041A D-2583

1.65 1.422 2.46 61.8

1.68 1.424 2.57 61.5

1.64 1.426 2.43 62.4

1.75 1.425 2.45 63.4

1.87 1.431 2.60 52.4

1.60 1.430 2.45 61.9

2.00 1.428 2.49 57.2

2.26 1.424 2.70 62.0

1.99 1.435 2.28 58.9

1.81 1.434 2.34 59.5

1.74 1.429

2.19 1.430

2.02 1.434

1.98 1.432

2.17 1.435

2.15 1.432

1.91 1.431

1.59 1.435

I. 91 I. 425

1.92 I. 434

FLEXURAL SPECIFIC

MODULUS GRAVITY

WARP CURED

msl units

1.89 1.430

0.21 0.004

1.59 1.422

2.26 1.435

HITCO AVERAGE

STD DEV

2.64

2.51

2.87

2.75

2.66

2.36

2.57

2.73

2.40

2.34

DOUBLE

SHEAR

STRENGTH

ksl

2.53

0.16

2.28

2.87

KAISER AVERAGE

STD DEV

61.5

59.2

59.9

57.1

55.2

63.0

60.6

61.9

59.2

58.0

BARCOL

HARDNESS

CURED

units

59.8

2.8

52.4

63.4

28.80 1.96 1.432 2.58 59.6

1.81 0.19 0.003 0.18 2.4

27.29 1.82 1.428 2.48 60.1

1.44 0.21 0.004 0.12 3.3
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FM 5064J CURED PANEL DATA

AVERAGE TEST RESULTS

NAS8-36298

NASA LOT NO. RESIDUAL

LOT and VOLATILES

NO. SAMPLE CURED

HITCO 150 psi %

TEST METHOD PTM-98

#1(H) C02134-SI 1.72

-El 1.65

-$2 1.84

-E2 1.70

#2(H) D09279-$1 1.28

#3(H) C02137-$1 1.48

#4(H) D09315-$1 1.48

-El 1.44

#5(H) D09337- i 1.87

- 2 1.71

KAISER I000 psi

#1(K) C02135-$1 1.04

#2(K) D09280-SI 1.36

-El 1.36

-$2 1.40

-E2 1.40

-$3 1.33

-E3 1.29

#3(K) C02138-SI 0.93

#4(K) D09316-$I 1.21

RESIN ACETONE C.T.E.

CONTENT EXTRACTION WITH

PYROLYSIS CURED PLY

% % uin/in'F

CTM-14B CTM-18A PTM-61B

31.39 6.52 -1.07

32.38 7.36 3.24

32.20 7.26 3.21

32.02 6.99 2.83

32.35 6.13 2.63

31.99 3.95 3.98

32.58 4.75 2.67

32.18 5.72 2.99

32.84 6.03 1.79

31.13 6.67 1.62

C.T.E.

CROSS

PLY

uin/in

PTM-61B

3.76

8.45

6.76

6.39

6.07

14.32

2.52

3.06

2.92

3.11

-El 1.16 30.79

FM 5064J RESIDUAL

GRAND VOLATILES

TOTAL CURED

%

AVERAGE 1.43

STD DEV 0.26

MINIMUM 0.93

MAXIMUM 1.87

31.15 5.29 2.44 8.76

30.32 5.03 2.80 5.33

32.71 6.26 3.49 5.17

32.42 5.26 3.97 5.45

31.96 5.17 2.72 3.00

31.72 5.62 2.37 2.59

30.50 4.88 2.69 3.59

30.47 3.56 3.05 10.83

29.38 5.60 2.23 3.32

6.16 2.34 4.50

RESIN ACETONE C.T.E.

CONTENT EXTRACTION WITH

PYROLYSIS CURED PLY

% X uin/in'F

31.62 5.71 2.60

0.94 1.02 1.06

29.38 3.56 -1.07

32.84 7.36 3.98

C.T.E.

CROSS

PLY

uin/in

5.49

3.10

2.52

14.32

HITCO AVERAGE 1.62

STD DEV 0.19

32.11 6.14 2.39 5.73

0.52 1.09 1.39 3.63

KAISER AVERAGE 1.25

STD DEV 0.16

31.14 5.28 2.81 5.25

1.05 0.76 0.56 2.64



FM 5064J CURED PANEL

LOT AVERAGES AND STATISTICAL

NAS8-36298

LOT AVERAGES TENSILE TENSILE

for STRENGTH MODULUS

LARGE LOTS WARP WARP

ksi msi

HITCO #1 C02134 19.60 1.98

HITCO #4 D09315 20.51 2.03

HITCO #5 D09337 20.27 1.95

KAISER#2 D09280 19.25 2.18

KAISER#4 D09316 19.80 2.14

SUMMARY

Page #21

TENSILE COMPRESSIVE COMPRESSIVE

ELONG STRENGTH MODULUS

WARP WARP WARP

% ksi msi

1.37 17.52 2.19

1.29 17.43 2.05

1.33 15.95 2.16

1.07 21.99 2.11

1.23 19.46 2.04

5064J GRAND AVG 19.74 2.04 1.23 18.75 2.14

STD DEV 0.80 0.13 0.14 2.90 0.12

COUNT 20 20 20 20 20

A BASIS FACTOR 3.295 3.295 3.295 3.295 3.295

A BASIS MINIMUM 17.10 1.61 0.77 9.21 1.75

A BASIS MAXIMUM 22.37 2.47 1.70 28.29 2.54

LOT AVERAGES

for

LARGE LOTS

HITCO #1 C02134

HITCO #4 D09315

HITCO #5 D09337

KAISER#2 D09280

KAISER#4 D09316

FLEXURAL FLEXURAL SPECIFIC DOUBLE BARCOL

STRENGTH MODULUS GRAVITY SHEAR HARDNESS

WARP WARP CURED STRENGTH CURED

ksi msi units ksi units

26.56 1.68 1.424 2.48 62.3

28.59 2.13 1.426 2.59 59.6

26.79 1.90 1.434 2.31 59.2

29.50 2.07 1.432 2.62 59.2

27.63 1.92 1.429 2.37 58.6

5064J GRAND AVG 28.05 1.89

STD DEV 1.77 0.21

COUNT 20 20

A BASIS FACTOR 3.295 3.295

A BASIS MINIMUM 22.22 1.21

A BASIS MAXIMUM 33.87 2.57

1.430 2.53 59.8

0.004 0.16 2.8

20 20 20

3.295 3.295 3.295

1.416 2.00 50.6

1.444 3.06 69.1

LOT AVERAGES RESIDUAL RESIN

for VOLATILES CONTENT

LARGE LOTS CURED PYROLYSIS

X %

HITCO #I C02134 1.73 32.00

HITCO #4 D09315 1.46 32.38

HITCO #5 D09337 1.79 31.98

KAISER#2 D09280 1.35 31.61

KAISER#4 D09316 1.18 30.09

ACETONE C.T.E. C.T.E.

EXTRACTION WITH CROSS

CURED PLY PLY

% uin/in °F uin/in °F

7.03 2.05 6. 34

5.24 2.83 2.79

6.35 1.70 3.01

5.37 3.01 4.19

5.88 2.28 3.91

5064J GRAND AVG 1.43 31.62 5.71 2.60 5.49

STD DEV 0.26 0.94 1.02 1.06 3.10

COUNT 20 20 20 20 20

A BASIS FACTOR 3.295 3.295 3.295 3.295 3.295

A BASIS MINIMUM 0.59 28.51 2.36 -0.88 -4.73

A BASIS MAXIMUM 2.28 34.74 9.06 6.08 15.71



NASA LOT NO.
LOT and
NO. SAMPLE

TEST METHOD
#1 C02136- 1

- 2
#2 D09318- 1

- 2
#3 C02139- 1

- 2
#4 D09317-$1

-$2
-$3
-$4
-$5
-$6

#5 D09338- 1

- 2

FM 5839 CURED PANEL DATA Page #22

AVERAGE TEST RESULTS

NAS8-36298

TENSILE TENSILE TENSILE COMPRESSIVE COMPRESSIVE

STRENGTH MODULUS ELONG STRENGTH MODULUS

WARP WARP WARP WARP WARP

ksi msi % ksl msl

406-1011 406-1011 406-1011 406-1021 406-1021

23.81 4.88 1.01 22.05 5.98

21.19 4.62 0.89 19.63 5.75

16.88 4.11 0.61 22.75 3.55

15.21 3.25 1.06 23.39 3.44

13.04 2.89 0.85 20.05 3.38

16.76 3.47 0.95 20.50 3.92

21.14 4.14 0.97 23.91 4.69

20.53 4.30 0.79 22.10 4.38

18.62 4.60 0.63 22.78 4.38

17.29 4.60 0.56 19.67 5.04

18.86 4.19 0.74 24.23 4.39

15.77 3.53 0.78 22.19 4.42

21.00 4.03 0.85 24.97 4.96

21.90 4.02 0.77 23.45 4.54

FM 5839

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

LOT

#2 DO9281-

REJECT

AVERAGE

TENSILE TENSILE TENSILE COMPRESSIVE COMPRESSIVE

STRENGTH MODULUS ELONG STRENGTH MODULUS

WARP WARP WARP WARP WARP

ksi msi % ksi msi

18.71 4.05 0.82 22.26 4.49

3.03 0.57 0.15 1.73 0.78

13.04 2.89 0.56 19.63 3.38

23.81 4.88 1.06 24.97 5.98

I 10.95 1.99 1.32 24.34 3.91

2 16.59 2.99 0.86 24.49 3.79

13.77 2.49 1.09 24.41 3.85

FM 5839 CURED PANE_

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

TENSILE TENSILE COMPRESSIVE COMPRESSIVE

MODULUS ELONG STRENGTH MODULUS

WARP WARP WARP WARP

msi % ksi msi

4.75 0.95 20.84 5.87

3.68 0.83 23.07 3.50

3.18 0.90 20.28 3.65

4.23 0.74 22.48 4.55

4.03 0.81 24.21 4.75

LOT TENSILE

AVERAGES STRENGTH

WARP

ksi

LOT #I 22.50

LOT #2 16.05

LOT #3 14.90

LOT #4 18.70

LOT #5 21.45

FM ===================== ................................

5839 GRAND AVG. 18.71 4.05 0.82 22.26 4.49

STD DEV 3.03 0.57 0.15 1.73 0.78

COUNT 14 14 14 14 14

A BASIS FACTOR 3.585 3.585 3.585 3.585 3.585

A BASIS MINIMUM 7.86 1.99 0.27 16.06 1.68

A BASIS MAXIMUM 29.56 6.11 1.36 28.46 7.29

(NOTE: TOTALS DO NOT INCLUDE LOT #2 REJECT)



FM 5839 CURED PANEL DATA Page #23
AVERAGE TEST RESULTS

NAS8-36298

NASA LOT NO. FLEXURAL

LOT and STRENGTH

NO. SAMPLE WARP

ksi

TEST METHOD 406-1031

#I C02136- 1 37.62

- 2 35.15

#2 D09318- I 30.60

- 2 28.09

#3 C02139- 1 24.78

- 2 29.02

#4 D09317-SI 35.07

-$2 34.10

-$3 32.51

-$4 31.87

-$5 37.74

-$6 32.35

#5 D09338- 1 36.56

- 2 37. 35

FM 5839

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

LOT

#2 DO9281-

REJECT

AVERAGE

FLEXURAL SPECIFIC

MODULUS GRAVITY

WARP CURED

msi units

406-1031 D-792

3.97 1.564

4.06 1.566

3.62 1.568

3.09 1.557

2.68 1.579

3.21 1.555

4.12 1.564

4.08 1.562

4.20 1.572

4.15 1.590

5.30 1.565

3.86 1.553

4.25 1.555

4.21 1.547

DOUBLE

SHEAR

STRENGTH

ksl

406-I041A

3.62

4.09

3.15

3.71

3.96

3.55

3.52

3.63

3.05

3.03

3.45

3.93

3.99

4.26

BARCOL

HARDNESS

CURED

units

D-2583

68.2

68.0

67.5

69.5

70.5

72.5

70.5

70.7

70.5

69.3

70.7

70.2

69.0

68.9

FLEXURAL FLEXURAL SPECIFIC DOUBLE BARCOL

STRENGTH MODULUS GRAVITY SHEAR HARDNESS

WARP WARP CURED STRENGTH CURED

ksl msi units ksi units

33.06 3.92 1.564 3.64 69.7

3.93 0.63 0.011 0.38 1.3

24.78 2.68 1.547 3.03 67.5

37.74 5.30 1.590 4.26 72.5

1 21.19 1.88 1.522 4.75 68.8

2 28.70 2.68 1.511 4.62 69.5

24.95 2.26 1.517 4.69 69.2

FM 5839 CURED PANEL

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

LOT FLEXURAL FLEXURAL SPECIFIC DOUBLE BARCOL

AVERAGES STRENGTH MODULUS GRAVITY SHEAR HARDNESS

WARP WARP CURED STRENGTH CURED

ksi msi units ksi units

LOT #I 36.38 4.02 1.565 3.85 68.1

LOT #2 29.35 3.36 1.562 3.43 68.5

LOT #3 26.90 2.95 1.567 3.76 71.5

LOT #4 33.94 4.29 1.568 3.44 70.3

LOT #5 36.96 4.23 1.551 4.12 69.0

FM ============= .....................

5839 GRAND AVG. 33.06 3.92 1.564

STD DEV 3.93 0.63 0.011

COUNT 14 14 14

A BASIS FACTOR 3.585 3.585 3.585

A BASIS MINIMUM 18.97 1.66 1.524

A BASIS MAXIMUM 47.14 6.17 1.604

3. 64

0.38

14

3. 585

2. 26

5.01

(NOTE: TOTALS DO NOT INCLUDE LOT #2 REJECT)

69. 7

1.3

14

3. 585

64. 91

74. 52
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NASA LOT NO.

LOT and

NO. SAMPLE

TEST METHOD

#I C02136- 1

- 2

#2 D09318- 1

- 2

#3 C02139- I

- 2

#4 D09317-SI

-$2

-$3

-$4

-$5

-$6

#5 D09338- I

- 2

AVERAGE TEST RESULTS

NAS8-36298

RESIDUAL RESIN

VOLATILES CONTENT

CURED PYROLYSIS

% %

PTM-98 CTM-14B

1.77 31.64

1.53 30.30

1.19 30.55

1.38 33.63

1.76 30.71

1.88 33.43

1.82 31.46

1.93 34.12

1.92 30.59

1.83 30.51

1.77 32.91

1.87 33.23

1.93 34.21

1.98 34.05

ACETONE C.T.E.

EXTRACTION WITH

CURED PLY

% uin/in'F

CTM-18A PTM-61B

4.71 -0.42

4.07 -1.81

5. 45 -1. 13

4. 73 O. 49

3. 31 -I. 69

3.79 0.26

6.81 -0.59

5.22 -1.20

5.04 -0.45

5.55 -1.35

5.18 -0.09

5.86 -0.57

6.54 0.26

6.10 -0.50

C. T. E.

CROSS

PLY

uin/in °F

PTM-61B

12. 98

16. 44

4.61

3.14

5. 60

10.63

6. 70

7.29

5.31

5.13

3.18

3. 32

4. 35

7. 70

FM 5839

GRAND

TOTAL

AVERAGE

STD DEV

MINIMUM

MAXIMUM

LOT

#2 DO9281-

REJECT

AVERAGE

1

2

RESIDUAL RESIN

VOLATILES CONTENT

CURED PYROLYSIS

% %

1.76 32.24

0.23 1.55

1.19 30.30

1.98 34.21

2.38 38.57

2.51 40.13

2.44 39.35

ACETONE C.T.E. C.T.E.

EXTRACTION WITH CROSS

CURED PLY PLY

% uin/in'F uin/in*F

5.17 -0.63 6.88

1.00 0.72 3.95

3.31 -1.81 3.14

6.81 0.49 16.44

6.33 1.18 6.95

6.20 0.34 5.43

6.27 0.76 6.19

FM

LOT

AVERAGES

LOT #I

LOT #2

LOT #3

LOT #4

LOT #5

FM 5839 CURED PANEL

LOT AVERAGES AND STATISTICAL SUMMARY

NAS8-36298

RESIDUAL RESIN ACETONE

VOLATILES CONTENT EXTRACTION

CURED PYROLYSIS CURED

% % %

1.65 30.97 4.39

1.28 32.09 5.09

1.82 32.07 3.55

1.86 32.14 5.61

1.96 34.13 6.32

C. T. E.

WITH

PLY

uin/in _F

-i. 12

-0.32

-0.72

-0.71

-0. 12

C.T.E.

CROSS

PLY

uin/in°F

14.71

3.82

8.11

5.15

6.02

5839 GRAND AVG.

STD DEV

COUNT

A BASIS FACTOR

A BASIS MINIMUM

A BASIS MAXIMUM

1.76 32.24 5.17 -0.63 6.88

0.23 1.55 1.00 0.72 3.95

14 14 14 14 14

3.585 3.585 3.585 3.585 3.585

0.93 26.69 1.57 -3.22 -7.27

2.58 37.78 8.77 1.96 21.03

(NOTE: TOTALS DO NOT INCLUDE LOT #2 REJECT)
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SHELF LIFE STUDY

COMMENTS AND OBSERVATIONS

NAS8-36298

I. SAMPLING PLAN

The balance of selected samples which were taken for cured pane] testing

was utilized to conduct a one-year shelf life study on volatile levels and

wet flows of the uncured prepreg. Two sample rolls were taken from each

lot, one of which was maintained at ambient conditions at Santa Ana,

California, and the other placed in nominal 40°F refrigerated storage which

in actuality was maintained closer to 32°F.

Packaging for the carbon/phenolic prepregs (FM5055B and FM5834) was

representative of production packaging with the rolls stored in a loosely

sealed 4 mil polyethylene bag with 3" cardboard cores and placed in a

cardboard shipping container. The carbon/carbon prepreg, (FM5064J and

FM5839), were placed in a MIL-B-131, Class I vapor proof bags on a 3"

cardboard core, sealed and placed in a cardboard shipping carton.

Specimens were removed from each roll at 3-month intervals for a total test

duration of one year. Refrigerated (40°F) samples were allowed to come

to room temperature in their standard packaging for a minimum of 16 hours

before specimens were removed. The volatile level was determined as the

average of 3 tests as per test method PTM 17B. Wet flow was determined

at either 150 psi or 1,000 psi depending on the prepreg type, as an average

of 3 tests per test method PTM 19G. All tests (3-12 months) were run by

the same technician.
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If. TEST RESULTS

The following table shows the changes in percent volatile content and wet

flow percentage which occurred over the one year of storage time, averaging

all five lots involved in the study.

SHELF LIFE CHANGES

ONE-YEAR DURATION

PREPREG

TYPE

AMBIENT STORAGE

VOLATILE CONT. WET FLOW

40°F STORAGE

VOLATILE CONT. WET FLOW

CARBON/PHENOLIC IN UNSEALED POLYETHYLENE BAGS

FM 5055B Up 23.7% Down 15.7% Up 30.9% Up 14.3%
FM 5834 Down 19.7% Down 37.2% Up 6.3% Down 3.8%

CARBON/CARBON IN SEALED VAPOR-PROOF BAGS

FM 5064J (HITCO) Down 1.8% Down 37.0% Up 15.8% Down 32.5%

FM 5064J (KAISER) Up 7.6% Down 21.6% Up 15.7% Down 6.6%

FM 5839 Up 11.7% Down 12.9% Up 22.1% Up 31.8%

Plots have been included on pages #5 through #8 to allow comparative viewing

of shelf life curves for common prepreg types. The individual charts are

included on pages #9 through #24. Individual data averages have been

tabulated on pages #25 through #28.

As an additional indication of changes in prepreg properties after an extended

storage, tack and infrared baseline (IRZB) were conducted on the same rolls

of prepreg used in the shelf life study. The prepreg had been stored for

approximately 1½ years, and the average results obtained for all samples

are compared to the original test results obtained on this contract.
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PREPREG
TYPE

STORAGE CHANGES IN TACK (LBS. 1

1½ YEARS DURATION

AMBIENT STORAGE

ORIGINAL 1½ YEARS

40°F STORAGE

ORIGINAL 1½ YEARS

FM 5055B 41.8 48.4 (Up 15.8%) 42.8

FM 5834 36.5 57.0 (Up 56.2%) 38.2

FM 5064J 38.2 42.6 (Up 11.5%) 37.4
FM 5839 21.4 18.4 (Down 14.0%) 21.8

47.2 (Up 10.3%)
37.2 (Down 2.6%)

26.8 (Down 28.3%)

2.1 (Down 90.4%)

STORAGE CHANGES IN IRZB

1½ YEARS DURATION

PREPREG AMBIENT STORAGE 40°F STORAGE
TYPE ORIGINAL 1½ YEARS ORIGINAL 1½ YEARS

FM 5055B 1.11 1.36 (Up 22.5%) 1.12 1.25 (Up 11.6%)

FM 5834 1.10 1.33 (Up 20.9%) 1.09 1.22 (Up 11.9%)

FM 5064J 0.81 0.95 (Up 17.3%) 0.83 0.94 (Up 13.3%)
FM 5839 0.83 0.91 (Up 9.6%) 0.84 0.89 (Up 6.0%)

Ill. SUMMARY

As can be noted, the volatile level increased on all prepreg types under

refrigerated storage. As samples were removed from the vapor proof bags

used for the carbon/carbon prepregs, the resealing may not have been as

complete as the original seals and the 16-hour equilibration time, where

refrigerated samples were allowed to come to room temperature, may not have

been sufficient.

As expected, all wet flows decreased at ambient storage conditions indicating

a tendency for resin advancement even at ambient conditions. Balance of

the data show mixed trends; no additional conclusions can be drawn.

The level of tack after 1½ years at ambient storage surprisingly showed

increases in all prepregs except FM 5839, and the tack decreased after 1½

years at 40°F storage on all prepreg except FM 5055B. The tack on FM 5839

at 40°F storage fell to essentially zero level.
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The index of polymerization (IRZB) of all samples increased, demonstrating

the advancement of both resin stystems. As expected, the ambient storage

generally had more advancementthan 40°F storage. It should be noted that
the IRZB for carbon/carbon prepregs with USP39A resin should not be directly

compared to 91LD resin because of the shift in the peak from 9.8 microns
to 9.55 microns for USP39A.



Page #5

83711U70A INB'JS_ SB7111_70A IN"-J'J_Bd

OF. pG-,,'_._,vn QUALITY



ORIGINAL PAGE IS Page #6

OE POOR OUALITY

@SqlIUqOA _ @8"IIIU'IOAIN30_Bd



_;F ?,:50_ QUALITY

Page #7

i.... a-q---WW_ ......... _ , _.mm---O ,

_" _ ,_,_



OR]G!NAL PAGE iS

OF POOR QUALITY
Page #8

I

ao

!,
!.

ili'
- _'_ IBJA I_._ IX90&

..........y '-!llIr--i

i!'
_ - _ '

o f :: _f
: II o

J._ 19,:I(X)O& % (9_!

nt

7-_"........q.

" !\

,



Page #9

U
d

D=:

O

D=='_

W

_m

co

Z
CZ)

CIZ
O
H

LL

{_)
LU
CL
O3

cr"
LU
CI_
CL

I

r-,.

_--o-o-+

,(

l
!
#

I

/

o

( -

1
\

(C) LO ":="

Z
CD

C]Z
(_J
H

LL
H

O
LU
CL
0")

OC
UJ

0
J

I

co

CO
LIJ
I

CO
LD
OJ
O)
0
F7

OJ
I

LC)
CO
00
C_
CD
c7

+

Od
O0
I

0")
0")

OJ
CD
0

0

!

oJ

LO
UJ
I

_T
r--
OJ
O)
0
ED

[]

OJ
I

CO

CO
O)
CD
ED

I

oJ

ob

(o

co

c)
C_

LU
LO
02
OC
0

CO

LL
0

O3
7-

Z
0
Z

SBqIIWTOA INB3_Ba



Page #10

U

d

l!D

@
B@

Z
0

I.--

Z
O

02

I----I

U_

[D
1.1_1
cl

C12
III

O
_J

p-.
CO

I
CO
kO
Od

(D
c-n

<1

Od
-- U]

I I

LO _
C'D P--

Cr) cy_
(D (D
n c-I

+ O

r--.
ul ---

I I

e'? --

(D (D

o
O

W

0

U_
0

T
k-
Z
0

SBTIIU70A IN33UBd



Page #11

W
d

b=

==_
Z
CI)

F-
CIZ
(_3

LL

C_)
LU
CL
C/)

n,"
IJJ
O_
rl

| I

[

Z
C_

I-- O_J

ill w

t 2
0"]

_J
I

LD)

O,J
C_

I

I

CD
0
r7

[]

I
O2)
CO
CO
O)

CD C9
C] n

0

! I

co

o

o
o

UJ
[_9

n."
0
}--
O'J

LL
0

O0
T
}--
Z
0

S3711WTOA IN33W:qd



Page #12

_q
d

=J],,_,

:_>=:
O

O

Z
CD

F---
CIZ
O
H

LL
H

O
LU
O_
(.D

01
LU
0..
0..

| !

Z
CD
I--4

F--
01
O
I---I

LL
H

O
LIJ
0_
O3

Ft"
UJ
;3=
0
I

O3
f.f)
I
LO
p-..
OJ
C_
C3
E3

I
LO
LO
CkJ
OD
C3
C]

Oq
I

CO
C_
C3
E3

[]

C_J
I
CO
CO
CO
C_
C3
E3

0

i ,,,! !

$3711blTOA IN93_]=1cl

o0

(o

('o

o
o

LU
L9
(Z
n,"
0
b--
CO

LL
0

CO
T

Z
0
Z



Page #13

_JM
d

==_
0

El===,_

Z
==},_

O

8

7-

7-

Or"

W
CC

II

CO
I

LO

(0
O)
0
C3

I

7-

LU
I

(0

CO
(3)
0
Q

I
r_

3L

+

LU
I

0
O0
Oq
O@
0
E3

I
r_

v

Z
0
I.--i

b--

o

• °

• °

0

N

O@

(0

LU
LO
(C

0

CO

LL
0

01
"l-
b-
Z
0
_--

sBqIIUqOA INB3UBa



Page #14

U

D:=

d
Q,,_,

me
_o

co

0

W

ILl
I

LO

CO
O)
0
CD

I

ZIZ
i---
CIZ
(_.) LU

n_
0

LL
0

-F

Z
0

SBqlLWqOA ].NB3WBd



Page :#15

d
Q,,_,

I

oo

DO-

I
CD
CO

OJ
O
C_)

Z
0

CO CE

00 __ LL
CO 0") H
CO OD C3
OD CD LW
C3 0 O_
0 CO

0
+ n_

LU
0_
EL

I I
CO O0
CO --
-- CO
C_ OD
0 C3
C__ 0

0

L I , l !

S3711UTOA iN33U3d

J

0

Z
0

02
C_J

LL
H

LU
0_
CO

n_
LW

0
_J

N

CD

CO

0
0

W

(1-
n_
0

CO

LL
0

7-
N-
Z
0



Page #16

W
d

d

me
0

_--X_

ra_

0o

OJ
I
O)
CO

OJ
CD
(_.)

<I

OJ
I

O0
CO
CO
(3)
C3
E3

-p

I
CO
CO

OJ
C3
0

o
1 I

(o

CO
I

r-.

CO
(3)
0
E3

D

I
O0

03
OD
0
0

Z
C3
H

F--
(Z
L)
b-N

LL
I-,-,N

(..)
LU
D_
0")

rM
LU
0_.
0_

]+<_,

I t J,

LO "_ (") O,J

0

Z
0
I--I

I--
CZ
(.J
I--I

LL
I"--"I

LU
n
CI'J

0_
LU

0
._J

Ill
(.9

rr
0

U..
0

T
b--
Z
0
s"

SBqlLWqOA iNB3WBd



Page #17

_-0--4

O
Z
C]

k--
C[
C3

LL

(_3
[IJ
El_
(J3

LU
El_
Q_

}

C_J
I

LO
C')
CO
CD

Z CD
CD C]3
I--I

I.-- +
CIZ
{_D

LL LO
,__, LL! OJ
(_) z I
LU _ CO
ID_ P" "-
CO O,.I C')

CD 03
n" CD CD
LU CD C3
:3=
CD n
_J

O..I CO
O3 LU

O)

W

0

O3

03
7-

Z
' 0

Z

oo
I ! I ! I ! I I _ O

INBOWBd - _07d 13_ ISd 0BL



Page #18

Z
CZ)

CIZ

LL

(_)
LU
CL
CO

n_
LU

C]]
__]

I
LO

C)
[2]

+

C_

I I
-_r co

{2} c2)
r-n r-n

n

CO CO
I I

CO CO
CO LO

C_ C)')
CD CD
(_3 r--_

0 <_

f l f I , . I

IN3OU3d - AOTd 13_ lSd OBL

N

C_

W
L0
0_
rr
O

0_

0_
T

z
o
z

O



Page #19

8
±
_=

88
88

O,J
I I

Od Od
CD
0 CD

!

Z

S

_-o-----o

i
i
I

1

, 1 1 1

_ _ _ _ _ © _ _ o _0 _ _ _o_ _ _ _ _ _
INBOWBd - /40"14 IB_ I Sd OgL

W

(IS
0_
0
F-
OD

cO LL
0

t

Z
0



Page#20

n-
O
b-
OO

(o LL
0
GO
-r
b--
Z
0



Page #21

±



Page #22

Q
d_

_W

C.f)"
! -

8



Page #23

d_
_L,,c

m_

_==:o
w_

/

+

[]

0 <_

N

0



Page #24

+

N

W
(_
r_
0
F-
tO

03
T
b-
Z
0



SHELF LIFE STUDY NAS8-36298 PAGE # 25

============================

PERCENT VOLATILE

.......... FM 5055B AMBIENT STORAGE ..................

LOT #1 LOT #2 LOT #3 LOT #4 LOT #5
MONTHS D09256-E3 D09274-E5 C02133-$2 D09313-2 009335-2

ORIG 4.3 4.4 4.1 4.5 4.3

3 6.1 5.3 4.7 5.3 4.4

6 6.1 5.9 5.0 5.4 4.7

9 5.7 6.1 4.8 5.2 4.7
12 6.0 5.5 5.2 5,2 4.8

............ FN 5055B 40 DEGREE STORAGE

LOT #1 LOT #2 LOT #3 LOT #4 LOT #5
MONTHS D09256-$7 D09274-$2 C02133-$7 D09313-1 D09335-1

ORIG 4.1 4.3 4.1 4.3 4.3
3 4.8 5.5 4.6 4.8 4.7

6 6.1 6 4.8 6.1 4.6

9 6.1 6.6 5.7 5.4 4.8

12 7.4 6.3 6.3 5.8 5,2

FM 50558

23.7
AVERAGE

UP

FM 5055B

30.9
AVERAGE

UP

PERCENT WET FLOW

.......... FM 5055B AMBIENT STORAGE ..................
LOT #1 LOT #2 LOT #3 LOT #4 LOT #5

MONTHS D09256-E3 D09274-E5 C02133-$2 D09313-2 D09335-2

ORIG 19.8 19.5 17.8 21 20.2
3 18.1 15.2 19.2 18.9 14.3

6 18.4 11.8 18.2 19.3 14.6
9 17.4 16.1 12.9 17.1 15.9

12 17.2 17.2 15.9 18.2 14.2

-FM 5055B 40 DEGREE STORAGE .....
LOT #1 LOT #2 LOT #3 LOT #4 LOT #5

MONTHS D09256-$7 D09274-$2 C02133-$7 D09313-1 D09335-1

ORIG 18 20 17.8 13.4 17.7

3 13 20.3 15.4 18.6 19.8

6 14.8 25.2 15.3 19.8 18

9 17.5 25.5 15.3 18.3 19.5

12 21.8 22.9 18.8 19.4 18.7

PERCENT UP UP UP UP UP
CHANGE 17.4 12.7 5.3 30.9 5.3

FM 50558

-15.7
AVERAGE

DOWN

FM 5055B

14.3
AVERAGE

UP



SHELF LIFE STUDY NAS8-3629B PAGE # 26

PERCENT VOLATILE

........ FM 5834 AMBIENT STORAGE ..........

LOT #1 LOT #2 LOT #4 LOT #5
MONTHS D09255-2 D09275-$2 D09314-I D09336-1

ORIG 4.6 5.5 4.3 4

3 4.2 4.1 4.3 4.2

6 3.8 3.4 4.2 3.9

9 3.5 3.3 4.1 3.7

12 3.6 3.8 3.6 3.6

PERCENT DOWN DOWN DOWN DOWN

CHANGE -21.7 -30.9 -16.3 -10.0

........ FM 5834 40 DEGREE STORAGE ........

LOT #1 LOT #2 LOT #4 LOT #5

MONTHS D09255- I D09275-S6 D09314-2 D09336-2

ORIG 4.5 5.5 3.7 4.2

3 4.1 5.4 4.2 4.1

6 4.2 4.5 4.6 4.8
9 4.2 4.6 4.3 4.6

12 4.6 4.9 4.4 5.2

PERCENT UP DOWN UP UP

CHANGE 2.2 -12.2 15.9 19.2

PERCENT WET FLOW

FM5834

-19.7

AVERAGE
DOWN

FM5834

6.3

AVERAGE

UP

FH 5834 AMBIENT STORAGE--

LOT #1 LOT #2 LOT #4 LOT #5

MONTHS D09255-2 D09275-$2 D09314-1 D09336-1

ORIG 18.4 19.6 18.5 9.6

3 6.5 6.5 17.8 8.9

6 5.1 3.9 15.3 6.8

9 3.5 3.8 11.5 6.7

12 5.2 14.8 8.6 9.7

PERCENT DOWN DOWN DOWN UP
CHANGE -71.7 -24.5 -53.5 1.0

FN 5834 40 DEGREE STORAGE ........

LOT Q1 LOT Q2 LOT #4 LOT #5

MONTHS D09255-1 D09275-$6 D09314-2 D09336-2

ORIG 17.9 18 10.6 9.4
3 10.3 19.7 11 8.6

6 8.7 25.6 13.6 15.7

9 9.5 13.9 11.8 15.2

12 11.2 15.5 13.2 15.9

PERCENT DOWN DOWN UP UP

CHANGE -59.8 -16.1 19.7 40.9

FM5834

-37.2

AVERAGE

DOWN

FM5834
-3.8

AVERAGE

DOWN
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PERCENT VOLATILE

.......... FM 50643 AMBIENT STORAGE ..........

LOT #1(H) LOT #2(K) LOT #4(H) LOT #4(K) LOT #5(H)
MONTHS C02134-$1 DO9280-E1 D09315-SI DO9316-E1 D09337-2

ORIG 3.4 2.6 3.1 2.8 3.3

3 3.3 3.1 3.3 3 3.5

6 3 2.9 3.2 2.8 3.4

9 3 2.9 3,7 3.1 3.4

12 3 2.9 3.2 2.9 3.4

MONTHS
ORIG

3

6

9

12

.......... FM 5064J 40 DEGREE STORAGE ........

LOT #I(H) LOT #2(K) LOT #4(H) LOT #4(K) LOT #5(H)

C02134-E2 D09280-$3 DO9315-E1 D09316-$1 D09337-1
2.9 2.5 3.2 2.8 3.3

3 3 3.4 3 3.6

2.8 2.8 3.5 2.8 3.6

3.1 2.7 3.8 3.4 3.8

3.3 2.9 3.8 3.4 4.1

PERCENT WET FLOW

HITCO KAISER

5064J FM 5064J

-1.8 7.6

AVERAGE AVERAGE

DOWN UP

HITCO KAISER

5064J FM 5064J

15.8 15.7

AVERAGE AVERAGE

UP UP

.......... FM 50643 AMBIENT STORAGE--

LOT #1(H) LOT #2(K) LOT #4(H) LOT #4(K) LOT #5(H)

MONTHS C02134-$1 DO9280-E1 D09315-SI DO9316-EI I)09337-2

ORIG 14.4 17.5 9.1 17.8 12.6

3 9.5 16.9 8.4 18.2 9.4

6 6.6 13,8 7.7 18.2 8.6

9 6.2 12.6 7.4 17.9 8.9

12 5.9 11,3 6.9 16.4 9.1

PERCENT DOWN DOWN DOWN DOWN DOWN FM

CHANGE -59.0 -35.4 -24.2 -7.9 -27.8

MONTHS

ORIG

3

6

9

12

.......... FM 50643 40 DEGREE STORAGE ................

LOT #I(H) LOT #2(K) LOT #4(H) LOT #4(K) LOT #5(H)

C02134-E2 D09280-$3 DO9315-E1 D09316-$1 D09337-1

14 17.3 12.2 17.9 11.2

6 16.5 8 17.5 11.5

6.3 15.2 7.6 17.8 13.8

7.4 13.5 9.4 19.9 14.3

7.1 13.4 10 21.3 14.3

HITCO KAISER

50643 FM 50643

-37.0 -21.6

AVERAGE AVERAGE

DOWN DOWN

================================================================ HITCO KAISER

PERCENT DOWN DOWN DOWN UP UP FM 5064J FM 50643

CHANGE -97.2 -29.1 -22.0 16.0 21.7 -32.5 -6.6

AVERAGE AVERAGE

DOWN DOWN
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PERCENT VOLATILE

........... FH 5839 AMBIENT STORAGE ..................

LOT #1 LOT #2 LOT #3 LOT #4 LOT #5
RONTHS C02136-2 D09318-1 C02139-1 D09317-$2 D09338-1

ORIG 2.2 3.2 2.4 2.4 2.2

3 2.8 2.7 2.7 2.9 2.5
6 2.5 2.7 2.6 3 2.7

9 2.6 2.8 2.7 3.1 2.6

12 2.6 2.7 2.7 2.9 2.7

PERCENT UP DOWN UP UP UP
CHANGE 18.2 -15.6 12.5 20.8 22.7

........... FH 5839 40 DEGREE STORAGE .....

LOT #1 LOT #2 LOT #3 LOT #4 LOT #5
MONTHS C02136-1 D09318-2 C02139-2 D09317-$4 D09338-2

ORIG 2.2 2.5 2.8 2.3 2.2

3 3 2.6 3 2.5 2.8

6 2.5 2.9 2.6 2.6 2.8

9 2.9 3.1 3 3 2.9

12 2.8 3.4 2.9 3.3 3.1

PERCENT UP UP UP UP UP

CHANGE 21.4 26.5 3.4 30.3 29.0

PERCENT WET FLOW

FM5839

11.7

AVERAGE

UP

FM5839

22.1

AVERAGE

UP

........... FM 5839 AMBIENT STORAGE .......

LOT #1 LOT #2 LOT #3 LOT #4 LOT #5

MONTHS C02136-2 D09318-1 C02139-1 D09317-$2 D09338-1

ORIG 10.3 13.2 17.4 17.8 9
3 8.1 13.5 16.6 16 13

6 8.3 13.2 12.4 14.7 13

9 7.3 11.7 12.2 16.9 14.2

12 8.9 12.6 12.6 11.5 10.5

PERCENT DOWN DOWN DOW_ DOWN UP

CHANGE -13.6 -4.5 -27.6 -35.4 16.7

FM 5839 40 DEGREE STORAGE ................

LOT #1 LOT #2 LOT #3 LOT #4 LOT #5

HONTHS C02136-1 D09318-2 C02139-2 D09317-$4 D09338-2

ORIG 14.8 12.7 13.2 9.5 8.6

3 12.2 12.3 19.7 7.7 14.4

6 11.3 14.5 16 7.5 13.6

9 11.1 13.9 17.5 9.4 17.8

12 13.6 17.2 19.3 21.5 18.6

PERCENT DOWN UP UP UP UP

CHANGE -8.8 26.2 31.6 55.8 54.3

F_5839

-12.9

AVERAGE

DOWN

FN5839
31.8

AVERAGE

UP


